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DESCaEUPTlON 

lVi:E'mODS AND COMPOSITIONS CONCEKMNG POXVIRDSES ANB CANCER 

BACKGRPmsnO OF THE INVENTION 

1. Held of the Invention 

"Hie preseEt iirveMicMi relates generally to the fields of oncology sod virology. More 
particulaarly, it cottcems pOTCviiusBs, ^eoifioally incl-uding vacdnia viruses, that coii^nse one or 
more mutations reEdering them patticiikrly suitable for fee treatment of cancer. 

2. Bescripfiim of Related Art 

Noimal tissue homeostasis is a highly regulated, process of cell proliferation and cell 
death. An imbalaace of either cell proliferation or cell death can develop into a cancerous state 
(Solyanik et al, 1995; Stokke et al, 1997; Mianty and Walter, 1991; Natoli et aL, 1998; Magi- 
GaJiuzzi et at, 1998), For example, cervical, kidney, lm& pancreatic, colorectal and brain 
cancer are just a few examples of the many cancers liiat can result (Erlandsson, 1998; Kohnel, 
1998; Mangray and King, 1998; Gertig and Hunter, 1997; Mougin et al, 1998). In fact, the 
occmrence of cancer is so high that over 500,000 deattis per year are attributed to cancer in the 
United States alone. 

The maintenance of cell proliferation and cell death is at least partially regulated by 
proto-oncogenes and tiimor suppressors. A proto-oncogene or tumor suppi-sj-ssor can encode 
proteins that iudiixjc cellular proliferation {e.g., sis, erbB, src, ras and rayc), proteins that inhibit 
cellular proliferation {e.g., Rb, pl6, pl9, p21, p53, NFl and WTl) or proteins that regulate 
programmed cell death {e.g., bcI-2) (Ochi et al, 199S; Johnson and Hamdy, 1998; Lieberctiann et 
al, 1 998). However, genetic reanangements or mutations of these proto-oncogenes and tumor 
■ suppressors result in the conversion of a proto-oncogene into a potent cancer-causing oncogene 
or of a tumor suppressor into an inactive polypeptide. Often, a single pomt mutation is enough 
to achieve the transformation . Por example, a point mutation in the p53 tumor suppressor 
.protean results in the complete loss of wild-tyjie p53 function (Vogelsteiii and Kinzleat", 1992. 

Currently, there are few effective options for the treatment of many common cancer 
types. The course of treatment for a given individual depends on the diagnosis, the stage to 
which the disease has developed and factors such as age, sex and general health of the patient 
The most conventionai options of cancer treatment are surgery, radiation therapy and 
clxeinotherapy. Surgery plays a central role in the diagnosis and treatment of cancer. Typically, 
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a surgical aiqproacb is reqaired for biopsy and to remove caocerous growth. Howe^rer, if the 
cmoer has meCastasized and is wide^ead, surgeiy is imtikedy to re^ ia a cutB and an alternate 
ajjipFoacli must be takeai Radiattou tberapy, chesoiottteira^y and immunofherqiy are alternatives 
to surgical treatment of cancer (Mayer, 1998; Ohara, 1998; Ho et aJ„ 1998). Radiation therapy 
involves a pceoise aiming of energy lediation to destroy canoear cells and mnch like surgery, 
is madnty e£Ebctive in the treatment of BDn-metasfasized, localized cancer cells. Side effects of 
radiation fhexapy incliide skin initafion, di£Gu:iilty swallowing^ dry mou^ nansea, dianhfia, hair 
loss and loss of energy (Cnnm 1998; Brizel, 1998). 

Chejnother^y, the treatment of cancer wifli anti-cancer drags, is ano&er mode of cancer 
ther^y. The effecttveness of a given anti-cancer drug therapy oflen is limited by the difficiil^ 
of achieving dung delivery thionghofut aolid tumors (d-Kareh and Secomb, 1997). 
Chemotherapeutic strategies are based on tumor tissue growth, wherein the anti-cancer dmg is 
targeted to the rapidly dividing cancer ceUs. Most chetnothesupy atxproaches include the 
oombinatioD of more than one anti-cancer drug, which has proven to increase the jssponse rate 
of a wide variety of cancers (U,S. Patent 5,824^48; U.S. Patent 5,633,016 and VS.. Patrait 
5,798^39, iacoiporated hsein by referssace). A maj or side effect of chemolherapy drugs is. that 
they also affect normal tissne cdls> wi3i the cells most lilcely to be afEected being those that 
divide rapidJ^ ia some cases (a^., bone marrow, gastrointestinal tract reproductive system and 
hair follicles). Othear toxic side eflfeots of chemotherapy drugs can include sores in tibe mouth, 
difficulty swallowing, dry mouth, nausea, djauhea, vomiting, fatigue, bleeding, hair loss and 
infection. 

hranunotherapy, a rapidly evolving area ia cancer research, is yet another option for ftie 
treatmetit of certain types of cancers. Theoretically, the immune system may be stimulated to 
ideofify tumor cells as bdng foreiga and targets them for destrnctiorL Unfortunately, the 
response typically is not sufficient to prevent most tumor growth. However, i-ecently there has 
been a focus in the area of irmnunother^y to develop methods that anient or supplement the 
natural defense mechanism of the immune system. Examples of immunotherapies currently 
under investigation or in use are immune adjuvants (e.g., Mycobacterium bovis, Plasmodium 
falcipamm, dinitrochloiobenzene and aromatic compounds) (U.S. Pateat 5,801,005; U.S. Patent 
5,739,169; Hui and Hashimoto, 1998; Cfaristodoulides et al, 1998), cytokine therapy (e.g„ 
interferons (HaI, GM-CSF and TNF) (Butowski et al, 1998; Davidson et al, 1998; Hellstxand 
et at, 1998), and gene therapy (ag., TNF, IL-1, IL-2, p53) (Qin st al, 1998; Austin- Ward and 
Villaseca, 1998; U.S. Patent 5,830,880 and U.S. Patent 5,846,945) and monodonaJ antibodies 
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ie.g.^ atiti-gangilioside GISt2, aati-HSR-2, anja-pl85) (Pietras et aL, 1998; HambucM et al, 199S; 
U.S. Patettt 5^24,311)- Sudjmethods, white siiowing same promise, have daoMiasbatied limited 
success. 

Replicatiou-selec^ve oucolydc viro^es hoU proDaise for the treatment of cancer (Kim et 
al, 2001). These viruses caD cause tumor coll death tbrou^i direct leplioatioii-d^eiident Euod/or 
viial gene expression-dependent oncolyfic ©ffecfs (Kim et aU 2001). In additiooa, vinipes are 
able to enhance the indnctioii of ceJl-mediated antitamoral immunity ^thin die host (Todo et aL, 
2001; Sinkovics et al,, 2000). Hiese vmises also can be eE^neered to expressed fhecapeutic 
transgeaes witfaia the tumor to enhance antitamoral efficacy (Hamiston, 2000). 

However, major limitatioiis exist to this &erapeutic approach. Alfbou^ a degree of 
natural tumor-selectivity can he demonstiated for some virus species, new approaches are still 
needed to engineer and/or enhance tmnor-selectivay for oncolytic viruses in order to maximize 
safety. This selectivity will become particiilflily important when intravenous administration is 
used, and when potaatially toxic therapeotic genes are added to these vin^es to enhance 
aatitnmoral potency, gene expression -will need to be tightly .limited in normal tissues. M 
addition, increased antttumoral potency through additional mechanisms such as induction of 
aaiitumocal immunity or targeting of the tumor-associated vasculature is Mghly desirable. 

Therefore, more effective and less totxic therapies for Qie treatment of cancer are needed. 
The use of oncolytic viruses prcsenils an area that can be developed, however, the limitation 
disffinssed above need to be overcome. Thus, the present invention address^ those limitations. 

SUMMARY OF THE INVENTION 

The present invention is based on tlie discovery that poxviruses can be altered 1) to 
gaierate an agent that differentially affects different cell papulafions or tissue types and/or 2) to 
generate a form of poxvirases that is more infectious and enable of infecting other cells by 
virtue of improved release from an infected cell. The poxviruses of the invention, e.g., the 
Copenhagen strain of vaccinia virus, may act synergistically with other therapies (e.g. 
chemotherapy) and provide beneficial effects by targeting tumor vasculature while not opposing 
or inhibiting TNF and/or B^IF pathways. It is specifically contemplated that vaccinia virus of any 
strain may be used. In certain embodfmeots> the Copenhagen strain of vaocania vims, or a 
derivative thereof, is also contemplated. 

hi some embodiments, the poxvirus may be more toxic or therapeutically efficient with 
respect to the targeted cells, while bdng relatively innocuous to other non-targeted cells, by 
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virtue of its being cleared fiom tin tson-tazgeted cells tiirou^ an antiviral tesponse. Tiib agent 
may be used to express a poxvirus or heterologous pe|)ftide or polypeptide in the targeted cells 
and/or to lethally infect such ceils. It is particalaiiy conteniplBted thai the poxvinis is 
"attenuated" in respect to non-taiget cells or tissues, meaning the virus lias a reduced, decreased, 
lessened, inhibited, or diminHlBd virulence, including its Bapabilily to modulate a host's 
endAgenous anti-viral response. Tbus^ the paiesent invention concerns compositiaais and methods 
inToivix^ vaccinia virus fiiat has been alteared to tender it usoiful for treating cells or tissues Sbat 
have a diminished capabilitjr to wage an antiviral lespotnse, be ine;Qective with respect to 
normal cells or ti^u^ that can induce an eMcient antiviral response. Methods of fhe invention 
specifically contcinplate using such vaccinia viruses for treating cancer cells or tumors. 

The mechanism by which viruses of the invention can be considered oncolytic and have 
edianced safety and/or accelerated clearance j&om normal tissues involves fhe extent to which 
noimal cells as opposed to non-normal cells (such as cancer cells or tissues) are capable of 
exliibiting an antiviral response (Le,, monnthag, responding and/or inducing an immune 
response). Normal cells or tissues have such an ability, while cancer cells or tissues often do not 
esgness or have reduced levels of cellular proteins that induce or are involved in the antiviral 
response. Such cellular proteins include interferons, TjSIF, chemoMnes, cytokines, and other 
factors, hi normal cells or tissues, viruses that were attenuated and less able to counter an anti- 
viral immune response are readily cleared; however, in non-normal cells and/or tissues, the anti- 
viral response is reduced and thus, even, the attenuated virus is not as efSciently cleared. The 
basis for some embodiments of the invention is that the viruses discussed herein are an improved 
fonji of therapy, such as by enhanced safety and reduced toxicity on normal cells, as they wiH 
have less effect on normal, in contrast to non-normal, cells. Thns^ the attenuated virus will 
preferentiany replicate sni express genes in cancer cells in which the induction or response to 
interferon, for example, is reduced or absent. 

Compositions and methods of the invention concern poxviruses. Viruses discussed 
below may be included in compositions and methods of the invention. While many 
embodiments involve vaccinia virus, it is contemplated that otlier poxviruses may be generated 
or implanented in the same way, and thus, an embodiment concerning vaccinia virus can be 
^lied with respect to any other poxvirus or ofher vhnses with siuiilar genes. 

The present invention concsms altered vaccinia viras 1hat comprises one or more 
mutations in its viral genome- Tl^e mutations may be introduced into the virus through 
recombinant engineering, by random mutagenesis, or by passaging the virus repeatedly. A virus 
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whose vital geaome has bem mampnlatod using recombmant en^juQeermg (cxr Uie viral genome 
of any paredecessor) is referred to as a "rerombiDaKt" virus. Hie maMioa may be a deletiooj 
insextiotL, or substitution of one or more uucldc acid testdues. The mutadon may be in a gene 
(wbich includes codmg or noncoding sequetices, such as transcriptional control seqtiaices) or it 
may be eisewhete. The muiatioai in a coding region may lead to a cognate peptide or 
polypeptide- that has a deletion, insertio», or substitution introduced into it. Ths nuoIsiQ add 
mutation may also result in a fiamesbift mutation that gives rise to a tmncated peptide or 
polypeptide or a peptide or polyp^tide &at im an ajteced amino acid sequence. 

M some embodimfiflts of ttie invemdon, the vacdaia ■vims is attenuated, which reqiriiBS 
that the viral genome be altered to result in the viral attenuatioo. Mutations may affect differait 
polypeplides that are classified according to jfimction. Mutations may be in one or more of the 
followtng classes of polypeptides: 1) interferon-modulating polypeptide 2) complement control 
polypeptide; 3) TNF or ohemokine-modulating polypeptide; 4) serine pstotease inhibitory 5) IL- 
ip modulating polypeptide; 6) non-infectious EEV form polypeptides; aaid, 7} viral polypeptide 
that act to inhibit release of infectious virus fiom cells {anti-infectious virus jfbim polypeptide)* 
In addition, there may be nmtations in A41L or CI IR of vaccinia virus (or the corresponding 
polypeptide in other poxviruses). Each class of polypeptides identifies polypeptides that have 
that particular fUnction, either directly or indirectly. The classes are not mutually exclusive, as 
one polypeptide may possess more than one of the identified functions. 

An interferon-modulating polypeptide refers to a poxvirus polyp^tide that has an 
activity that affects a cell's interferon-induced or -activated pathway. Interferon is involved in 
the antiviral mechanism of some cells and organisms. Poxviruses express interferon-modulating 
polyp^tides that attempt to inhibit this mechanism. It is specifically contemplated that these 
polypqjtidsB may sjqjpress, diminish, or ehminate this particular anti-viral reaction. These 
polypeptides modulate, affect, interfere with, inhibit, reduce, alter, or eliminate the activity or 
fimction of an interferon directly or indirectly, biteiferon ot, p, and y are targets of interferon- 
modulatmg pol^eptides. Interferon-modulating polypeptides may further be subdivided into 
polypeptides that specifically bind to an iMterferon; such polypeptides may be referred to as 
inteiferon-binding polypeptides. B18R is a soluble vaccinia virus polypeptide that is an 
interferon-binding polypeptide, as it specifically binds lFNa/j3. B8R is another vaccinia vmis 
polypeptide that specifically bind interferon-y. Interferon modulslmg polypeptides include, but 
are not limited to, BISR - which may be termed B19R in other viral strains, such as the 
Copenhagen strata of Vaccinia virus - B8R, B13R, vC12L, A53B, and E3L of vaccinia virus, 
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mi other viral polype^jtides wifli similar activities or propsties. JEN jnodiiiating polypeptides 
may also be divided into the noo-esjslusive categories of those thatprefereaatiaUy modiilate IFNa 
and/or p pathways (including BiSR, B8E, B13R, and vC12L of vaodnia virus) and those that 
jBiodulate lENy pafliways (indudim B13IL, and vC12L of vaccinia virus). Any other 
polypeplide vii^to m imiaunosuppressive functioiQ is dso 

A codnplemesnt cOTtrol polypeptide refears to a poxylnis polypeptide that plays a role in 
the preveantioa of complemsnt-mediated cell killing and/or virus inactivation. A medlanism for 
fbe cleamncc of viral paUiogeans is the killing of infected cells or inactivation of virions within 
the host by complctnent-dependoot mechanisms. It is specifically contemplated fliat Hiese 
polypeptides may siqjpress, diminish^ or eliminate this particular anti-yiral reaction. These 
KHnpIement control polypeptides modulate, affect, mterfere with, inhibit, reduce^ alter, or 
eliminate tiie activity or fiinction of this mechanism directly or indirectly. Conq)lement control 
polypeptides include, but is not Uraited to, VCP of vaccinia virus, also known as C3L or CllU 
and other polypeptides wifh-fljis property or fimction (the fenns "fimction" and activity" are used 
interchangeably). 

A TOT-modulating polypeptide refers to a poxviras polypeptide that has an activity that 
affects a cell's immune and inflammatory response tbat is activated via TNF receptors. This 
response may mvolve inducing qjoptotic cell death. Poxviruses express these TNF-moduIatitig 
polypeptides as a way to counteract the TNF-mediated clearance of virus andyor virus-infected 
cells. These polypeptides have fimction in which they specifically bind and seqirester 
extraceliular TNF, resulting in the inhibition of viral clearance. K is specifically contempiated 
that these polypeptides may suppress, diminish, or eliminate this particular anti-viral reacti<m. 
These T^fF-modulating polypeptides modulate, affect, interfere with, inhibit, reduce, alts:, or 
eliminate the activity or fimction of this mechanism directly or indirectly. Thus, allowing the 
viral infection to proceed and viral virulence to be increased. TOT modulatory polypeptides 
include, but are not limited to, A53It and B28R of vaccinia virus, and otiieir pol55)eptidfis with 
similar activities or prop^es. 

A serine protease inhibitor (SPl) refers to a poxvirus polypeptide that is enable of 
inhibiting a serine protease. Such, polypeptides are referred to as setpins. These polypeptides 
prevent apoptosis by apoptosis-iaducing molecules through Gieir SPI activity, and tiins idlow 
viral repheation to proceed despite the presence of antiviral apoptosis-indncing cytokines, fes, 
graozyme oi other stimulators of apoptosis. SPIs include, but are not limited to, B13R and B22R 
of vaccinia yirusv, and other polypeptides with similar activities or properties. 
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An BL-ip modulator refers to a poxvirus polypeirtide that has an activity that affects the 
antiviral reactions elicited by to be ^tered, directly csr indirectily, Tb-i acts directly on B- 
oells, promoting their proKfaBiion and the synthesis of iniraimo^obulins. IL-1 also functions as 
one of fee priming fectoas fliat makes B-cells re^oosive to .IL-5. IL-1 stimulates lbs 
prolifisation «ad activation of NK-ceUs and fiijioblasts, liiynjocytea, ^oblastoma cells. An IL- 
LS modulator refers to a poxvims polypeptide that has m activity that affects the antiviral 
reactions elicited by IL-18 to be altered, directly or iadiiectfy. JL-U acts by inducing IFNy 
amJ/or inducing activatioai of cytotoxic T-^seMsi and NK cells. These IL-lp or IL-I8 modulator 
polypeptides nxodalate, aflecfe isterfere with, inhibit, reduce, alter, or eliminate the activity or 
fimction of this mechamsra directly or indirectly. It is specifically contemplated that these 
modulator polypeptides may suppress, dimimsk, or eliminate their particular anti-viral reaction. 
DL-lp modulating polypeptides inrfude, but aie not hmited to, B13R and B15R. of vaccinia virus, 
and other polypeptides with simiJar activities or propHrties. It is contemplated that other IL-1 
modulators may be mutated as part of the invention- IL-1 8 modulating polypeptides include, but 
are. not Kmited to vC12L and olher polypeptides. 

A viral polypeptide that acts to inhibit release of mfections virus from cells, anti- 
infectious EEV form polypeptide, refers to a viral polypeptide that has a fimction that directiy 
contributes to the absence of vaccinia virus in an infectious EEV form. For example, the 
polypeptide that tethers or prevents tlie release of the EBV form fi-om the cell manbrane is an 
anti-infectious EEV foim polypeptide. Polypeptides involved ia the modulation of the EEV 
form of a virus, include, but are not limited to, A34R and B5R of vaccinia virus, and various 
other proteins that mfluence the production of the EEV form of the poxviruses. A mutation at 
codon 151 of A34R &om a lysine to a aspartic acid (KLISID mntetion) renders the A34R protein 
less able to tether the EEV form to the cell membrane. 

Other mutations that may be included ia poxviruses of the invention iure mutations in the 
gene encoding CllR, a viral EGF-lOce protem, as well as A41L, B7R, NIL, and/or vCKBP, 
which may have chennoldne binding activity (U.S. Patent 5,S71,740 and Seet et al., 2001, each of 
which is incoiporated herein by reference). For an exemplary description of vCKBP see UJS. 
Patent 5,871,740 and Seet et al., 2001, each of which is incorporated heiein by reference. 
Furthermore, it is contemplated that viruses of the invention may also have deletions in the viral 
gesoome to accommodate heterologous nucleic acid sequences. Sudi deletions may be non- 
essential regions, or tiiey may be in esseotial regioiK tiiat are complemented with either a he^jer 
virus or host cell. 
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Id some embodimeots, a poxviras, paiticnlaTly a vaccinia virus has at least one mutatL<m 
in a fltet gene encodiiig fm mterferoQ-mc>d,iife.tmg polypeptide that tesaSis ia the viras lackiag at 
least a firat interferrai-modulatiiiig fxnictiorL la. further snAm&assals, the mutation is in a gene 
encoding an interferon-inodulatmg poiIy{»ptide that directly binds interfisron. It is contemplated 
that the intederonrbinding polypeptide may be B8R and/or B I8R. 

Othet more genetal classifications may also be applicable. Mutations may also be 
characterized in one or more of fiie feUowing classes of pol^Kptides: 1) secreted viral fectOK 
feat inhibit immune response compon«its ie.g., TNF and. other cytokines; chanokines, 
compiemeait cascade; inteadferons a/p and y; iaderleuMns snch as IL-1 and IL18; A41L; Nll^ 
vC12I^ and CI IR); 2) intracellutar viral factors that act to block apoptosis (e.g., serine protease 
inhibitors) and/or immune activation (e.^., B13R, B22R, and B7R.); and, 3) viral polyp eptide(a) 
that act to inhibit release of inifectlous virus ftom. cells. The classes are not mutually exclusive, 
as caie polypeptide may possess moFB than ooie of ^e identified functions. 

Thronghout this application* the phrase **vErBS lacks &nctional X" refers to a virus that 
lacks at least one fimction of protem X. If protein X normally has two fimciions, then a virus 
laddng functional X refers to a vims tfiat lacks at least one of these fimctions of polypeptide X. 
The lack of function may be achieved by a variety of mechanisms, iaclnding those in which, the 
nucleic acid encoding polypeptide X, or the nucleic add regions involved in its expression, is 
mutated compared to a virus having functional polypeptide X. Furthermore, a "virus lacking at 
least X function" refers to a virus that is missing or lacking the X function or activity of at least 
one polypeptide having X fimction . Furthemiore, this phrase does not mean that the virus lacks 
any AiSID all X function, but that it has a mutation in its viral genome that renders a polypeptide 
having that X fimclion either 1) no longer expressed or 2) no longer functional with respect to 
odily function X (polypeptide may have other functions intact). 

Vaccinia virus (or other poxviruses) of the invention may have alterations or mutationa in 
one or more of the following seven classes 1) a gene encoding interferon-modulating polypeptide 
(including, but not limited to, B8R, B18R, B13R, E3L, aad/or vC12L) that results in the virus 
lacking at least an interfaron-modulating function; 2) a gene encoding a complement control 
polypeptide (including, but not limited to, VCP) that results in the vims lacking at least one 
complement control function; 3) a gene encoding a TNP-modulating polypeptide (including, but 
not hmited to, A53R and B28R) fhst results in the virus lacking at least one TNP-modnlatuig 
function; 4) a gene encoding a serine protease inhibitor (including, btrt not limited to, Bi3R, 
B22R, and/or K2L) that results in the virus lacking at least one serine protease inhibitor function; 
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5) a gene encoding an IL-ip modi]laior polypeptide (includm^ but not limited to, B15B.) that 
results in the viitis laddng at least one IL-ip modulafor finiction; 6) a gene encoding a 
poljfpeptide (including, but not limited to, BSR aud/or A34K.) iSiat lesnlts in an inorcase in 
infectious KBV fonn of vaodnia was; or 7) CI IR, vCKBP, B7R, NIL and/csr A41L. 

Other vaccinia vimses of tbie mvemtioa may have a motadon that lesalts in the vitus 
lacking vC12L IL-18-modulating function. Additionally, such vituses may furfliBr comprises 
nnrt^tionB in any of Ite seven classsB discussed above. 

It is contemplated that vnuses of the invention may have a mutation in more than one 
gme &om a single class of polypeptides. Thus, a viral genome may have mutations that teonder 
1, 2, 3, 4, 5 or more polypeptides in the same class without the fonction that characterizes the 
class. It is farther contemplated 1hat viruses of the invention may have mutations in more than 
one class of polypeptides. Therefore^ viral genomes may have mutations in genes encoding 1, 2, 
% 4, 5, 6, 7, or 8 of the 8 classes of polypeptides so as to reader the virus lacking in the 
corresponding fenction of the encoded polypeptide. Moreover, viruses of tiie invention may 
have mutations in multiple genes firom liie same class of polypeptide and from different classes 
of polypeptides. The genes and their cognate polypeptides discussed, in this application above 
are specifically contemplated as targets for mutation to render vaccinia viruses of the invention 
lacking in those particular polypeptides and r^eotive functions. Also, any mutation discussed 
with respect to vaccinia vlnis may be implemented with respect to other poxviruses without 
undue experimentation. 

The specific poxvirus polypeptides that may be mutated or rendered nonfimctional with 
respect to at least one flinction include, but are not hmited to: A34R, A41L, A53R, B5R, BTR, 
B8JI, B13E, B15R, B18R, B22R, B28R, B29R, CllR, B3L, K2L, NIL, vC12L, and vQCBP. 
Thus, poxviruses of the invention may have mutatioos in one or more of these genes encoding 
these corresponding vaccinia virus polypeptides. 

In vaccinia viruses of Uie invention, a vaccinia virus may have a mutation that ehminates 
at least one function in A34R, ui combination with mutation{s) that eliminate at least one 
limction of 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 1 1, 12, 13, 14, 15, 16, or 17 of the following polypeptides: 
A41L, A53R, B7R, B8R, B13R, B15R, B18R, B22R, B28R, B29R, CllR, E3L, K2L, 
ML, vCt2L, and/or vCKBP. 

In other vaccinia viruses of the invention, a vaccinia virus may have a mutatioii that 
ehminates at least one fimction in A41L in combination with nuitation(s) that eliminate at least 
one function of 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, or 17 of the following 
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polypeptides: A34R, A53B, B5R> B7R, B8R, B13TU B15R, B18R, B22R, B28R, B29R, CllR, 
E3L, K2L, NIL, vClZL, and/or vCKBP. In other vaccinia virusee of the invention, a vacdnia 
viros may have a nmtatioiL that eliminates at le^t one function in A53R in couibiuation with 
nrntafionCs) that eliminate at least one fhnction of 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 
16, or 17 of tiie foUowing polypeptides: A34R, A41L, B5R, B7R, BSR, B13B, B15R, B18R, 
B22R, B28R, B29R, CllR, B3L. K2L, NIL, vC12L, and/or vOSBP. 

la other vaccinia vimses of tibe mveBtion, a vacdnia viras may have a mntation that 
. eUminates at least one toction in BSR in ccanbination wilh iimtatian(s) that eliminate at least 
one fimction of 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, or 17 of the foUowing 
polyp^tides: A34R, A41L, A53R, B7R, B8R, B13R, B15R, B18R, B22S, B28R, B29R, CllR, 
E3L, K2L, NIL, vC12L, and/or vOCBP. 

Ill other vaccdnia viruses of the inycaition, a vaccinia virus may have a mutation that 
eliminates at le^t one function in B7R in combtaation -with niutalion(s) that eliminate at least 
one fimction of 1, 2, 3, 4, 5, 6. 7, 8, 9, 10, 11, 12, 13, 14, 15. 16, or 17 of the following 
. polypeptides: A34R. A41L. A53E, BSR. B8R, B13R, E15R, B18R, B22R, B2SR, B29R, CI IR, 
E3L, KZL, NIL, VC12L, and/orvCKBP. 

In other vaccinia viruses of -flie invention, a vaccinia virus may have a mutation that 
eliminates at least one function, in BSR in combination with inutation{s) that eliminate at least 
one fimction of 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, or 17 of the following 
polypeptides: A34R, A41L, A53R, B5R, B7R, B13R, B15R, B18R, B22R, B28R, B29R, CllR, 
E3L, K2L, NIL, vC12L, and/or vCKBP. 

In other vaccinia viruses of the invention, a vaccinia virus may have a mutation tliat 
eliminates at least one fimction in B13R in combination with mutatian(s) ttiat eliminate at least 
one Auction of I, 2, 3, 4, 5, 6, 7, 8, 9, 10, 1 1, 12, 13, 14, 1 5, or 16 of the following polypeptides: 
A34R, A41L, A53R, B5R, B7R, BSR, B15R, BISR, B22R, B28R, B29R, CllR, E3L, K2L, 
NIL, vC12L, and/or vCKBP. 

ha other vaccinia viruses of the invention, a vaccinia virus may have a mutation that 
eliminates at least one function in B15R in combination with mutation(s) that elimioate at least 
one function of 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, or 17 of the following 
polypeptides: A34R, A41L, A53R, B5R, B7R, B8R, B13R, B18R» B22R, B2SR, B29R, CllR, 
E3L, K2L, NIL, vC12L, and/or vCKBP. 

In other vaccinia viruses of the invention, a vaccinia virus may have a mutation liiat 
eliminates at least one function in B18R in combination with mntation(s) that eliminate at least 
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one fimdioQ of 1, 2. 3».4, 5. 6> 7, 8, 9, 10, 11, 12, 13, 14, 15. 16. or 17 of Uie following 
polyp^dfis: A34R, A41L, A53R, B5R, B7R, B8R, B13R, B15K, B22R, B28R, B29R, CllR, 
E3L, K2Li NIL, vC12U and/or vCKBP. 

Sx other vaccinia viruses of Ihe invention, a vacdma virus may have a mutation fliat 
elimisates at least one fiinclion in B22R in ccanbination with raatatioii(s) that eKnrinate at least 
one fimction of 1, 2, 3, 4, 5. 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, or 17 of the Mowing 
polypeptides: A34R, A41L, A53R, B5R, B7R, B8R, BISR, B15S, B18R, B283R, B29R, CllR, 
E3L, K2L,N1L, vC12U and/or vCKBP. 

In other vaccddia viruses of the invention, a vaccinia viras may have a mntatioo that 
elinunates at least one firaction. in B28R in combanation wfh mTitatLon(s) that elimin^ at least 
one fiiHDtian of 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, or 17 of the foUowiug 
polypeptides: A34II, A41L, A53E, B5R, B7R, B8R, B13R, B15R, B18R, B22R, B29R, CllR, 
E3L, K2L, NIL, vC12L, and/or vCKBP. 

In other vaccinia vimses of the invention, a vaccinia virus may have a mutation that 
eliminates at.least one function in B29R (also known as C23L) in combination with miitation(s) 
that eliminate at least one function of 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, or 17 of 
the foUowing polypeptides; A34R, A41L, A53R, B5R, E7R, B8R, B13R, B15R, B18R, B22R, 
B28R, CllR, E3L, IC2L, NIL, vC12L, and/or vCKBP. 

In other vaccinia viruses of the invention, a vaccinia vims may have a mutation that 
eliminates at least one fimction in CI IR in combination with mtitation(s) that eliminate at least 
one fimction of 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16. or 17 of the following 
polypeptides; A34R, A41L, A53R, B5R, B7R, B8R, B13E, B15R, B18R, B22R, B28R, B29R, 
E3L, K2L, NIL, vC12L, and/or vCKBP. 

In other vacdnia viruses of the invention, a vaccinia vims may have a mutation that 
eliminates at least one function in E3L in comhination with mntation(s) that eliminate at least 
one fimction of 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, or 17 of the following 
polypeptides; A34R, A41L, A53R, B5R, B7R, B8R, B13R, B15R, B18R, B22R, B28R, B29R, 
CllR, K2L, NIL, vC12L, and/or vCIOB?. 

In other vaccinia viruses of the invention, a vaccinia virus may have a mutation that 
eliminates at least one fimction in IC2L in combination with mutation(s) that eliminate at least 
one fimction of 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, or 17 of the foUowing 
polypeptides: A34R, A41L, A53R, B5R, B7R, B8R, B13R, B15R, B18R, B22R, B28R, B29R, 
01 IR, E3L, NIL, vC 12L, and/m: vCKBP. 
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iti oftior vacomia vinises of fbe inveotiaa, a vaodnia virus msy hsere a imitation liiat 
eUDiinates at least one jSmcdon in NIL m combination. -wiOx miita]don(s) that eliminate at leai^ 
one llmction of 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, or 17 of Hie following 
. polypeptides: A34R, A41L, A53R, B5R, B7R, BSR, B13R. BISR, BISE, B22R, B28R, B29R, 
Cim, E3I^ K2L, VC12L, aad/or vCSBP. 

Iq other vaocinia viruses of fhe invention, a vaccinia virus may have a mutation that 
diininat^ at least coie fimction in vC12L in combination with mutationts) that eliminate at least 
one ftnctitm of 1, 2, 3. 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, or 17 of the following 
polypeptides: A34R, A41L, A53E, B5R, BTK, B8R, B13R, B15R, B18R, B22R, B28R, B29R, 
CI IR, E3L, K2L, NIL, and/or vCXHP. 

Ill other vaccinia viruses of flw invention, a vaocmia virus may have a mutation that 
eliminates at least one fbncticai in vCKBP in combination with mutation(s) that eliminate at least 
one function of 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12. 13, 14, 15, 16, or 17 of ftie following 
polypeptides: A34K, A41L, A53R, B5R, B7R. B8R, B13R. B15R, BlgR, B22R, B28R. B29R, 
CllR, E3L, K2L, NIL, and/or vC12L, 

In some embodiments of the invention, the Copenhagen or Western Reserve strain is 
. mutated to generate vaccinia viruses of the invention. These strains may be further mutated in 
one or more of the seven classes of polypeptides discussed above. 

Vacdnia viruses of fha invention may comprise a virus that laclcs B8R, B18R, B13R, or 
vCI2L interferon-modulating function; a virus that lacks B8R interferon-modulating functioii, a 
viras timt lacks B13R interferon-modulatitig function; a virus that lacks B8R and BUR 
interferon-modulating functions; a virus that lacks B8R, B13R, and vC12L interferon- 
modulating fbnctionSj and that may fiu-iher lack B28R or A53R, or both interferon-modulatitig 
fimcdon(s); a virus that lacks B8R, B13R, and vC12L interferon-modulating functions, and that 
may fiiriiter lack B I SR interferon-modulating function; a vims that lacks B8R, B13R, Bl SR, and 
vC12L interferon-modulatrag functions, and that may further lack B28R and/or A53R interferon- 
modulatiug fbnctian(s); a virus that lacks at least one interferon-modulating function and VCP 
complement control function; a virus that lacks at least one mterferon-modutating fimction and 
A53R, B28R, and/or vCKBP TNF-moduIating function(s); a vuns that lacks at least one 
interferon-modulating function and B13R, B22R, and/or K2L serine protease fmiction(s); a vhus 
that lacks at least one interferon-modulating fimction and B13R and/or B15R IL-lp modulating 
function (s); a virus that lacks at least one interferon-modulating fimction and comprising a 
mirtation in A34R or B5R that results in an increase in production of infectious EEY form of 
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vaooinia virus; a virus fhet lacks the ftoctioQ of CllR, vCEOBP, B7R, NIL and/or A41L; or a 
vims laddsg any conibinalioii of fitoctions discimed above. 

Oihfr vaccinia viruses have a mutation resaltii^ in a virus tiiat lacJa vCl2L intBrferon- 
modnlatiiig fimction. Such viruses may fijither include mutatians in one or more of the seven 
classes discussed abova. In saaus embodimeiLts, the virus lacls B8R, B13R, anchor BISR 
fimcfionsCs), while in others it also lacks BISR IL-lp modulating function, and/or any othear 
filnction discussed ahove. such as vCKBP and/or B13R ftincticai and/or B29R TNF-modulating 
flniction. 

In some embodimeiits of the invention, poxviruses are used for adramistrartiQn. to a 
subject, in which aese tbs viras is con^rised in a pharmaceutical composition. Compositions of 
the invention may also include interferon (a, j3, and/or y) and/or an anti-cancer agent, snch as an 
antibody, a chemotherapeudc, or anucledc acid encoding a therapeutic cancer polypeptide- 

Methods of the invention, involve using any of the poxviruses discussed hereui. Many 
. embodimesifs concem treating a cancer cell or treating a patient with cancer by admimsteriag to 
the cancer cell or patient an efifective amount of a vacdma virus. In some embodimaits, the 
vaccinia virus is nnable to express at least one of the followii^ 

a) a functional first interferon-modulating polypeptide 

b) a fimctional complement control polypeptide; 

c) a functional TNF-modulating polypeptide; 

d) a functional aeriae protease inhibitor; 

e) a fiinctional IL-1 p modulatii^ polypeptide; 

f) a functional non-infeotious EEV foim polyp eptide; 

g) a functional A41 L, B7R, NIL or vCKBP chemoTdne binding polyp^tide or 
CllR EGF-like polypeptide. 

It Is specifically contemplated that the virus lacks more than one of a)-g) functional 
polypeptides. A "fimotional polypeptide" refers to a polypeptide that contadi© the identified 
function; for example, a vims that lacks a fimctional intertferon-modulatmg polypeptide refers to 
a vums whose genome is mutated^ and consequently, the vmis is lacking an interferon- 
modulating function (as opposed to lacking all intsrfBron-modulatiiig ftmctions of all interferon 
modulating polypeptides). The vims may have a mutation that allows a mutated polypeptide to 
be expressed, hut the resultant polypeptide may be mutated so that it no longer possesses the 
identified ftmction. 
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la some metbods of IbiB iaventioii, the cancer cell ^ a tumor cell. FurfbenuQte; the cdll 
may he administered compositicHis of Uio invention in vitro, in vivo, or ex vivo. Thus, the cancer 
cell may be in a pt^stA: The patirat may have a solid tmnor. In siidh. cases, embodimatits may 
fluiheii: involve perfomiing surgery an the padeoit, such as by tescctnag all or part of the tumor. 
Viral compositions may be administered to the patient before, after, or at the same time as 
suigery. in additional embodiments, patients may also be administeied directly, endoscopically, 
'intrattacheally, intratumoxally, intravenously, intralesionally, intiamnscularly, intraperltoineaUy, 
legjonaUy, pa-cutaneously, topically, intrartadally, mtravesically, or sabcwtameously. Viral 
compositions may be adimnistered 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 1 8, 19, 
20 or more times, and they may be adininisteied every 1, 2, 3, 4, 5, 6. 7, 8, 9, 10, 1 1, 12, 1 3, 14, 
15, 16, 17, 18, 19, 20, 21, 22, 23, 24 hours, or 1, 2, 3, 4, 5, 6, 7 days, or 1, 2, 3, 4, 5 weeks, or 1, 
2, 3, 4, 5 , 6, 7, 8, 9, 10, 11, 1 2 months. 

Methods of tteating cancer may farther include administering to the patient 
chemotherapy or radiotherapy, which may be administered more than one time. Chemolherapy 
includes, but is not limited to, cispMn (CDTfP), carboplatia, procarbazine, mechlorethamine, 
cyclophosphamide, camptothecin, ifosfamide, melphalan, chlorambucil, bisidian, nitrosurea, 
dactinomycin, daunorubicin, doxonibidn, bleomycin, plicomycin, mitomycin, etoposide CVP16), 
tamoxifen, faxotere, taxol, ttansplatinum, 5-fluQrouracil, vincristin, vinblastin, methotrexate, 
gemcitabiae, oxaliplatin, iiinotecan, topotecan, or any analog or derivative variant thereof 
Radiation therapy includes, but is not limited to, X-iay irradiation, UV-irradiation, y-irradiatioa, 
electron-beam radiation, or microwaves. In addition, a cell or patient may be administered a 
protease or peptidase to increase the production of infectious EEV fonn of the virus flram cells. 
The peptidase or protease may be included in pharmaceutical compositions (hat also include 
virus. Moreover, a cell or a patient may be administered a microtabule stabilizing agent, 
inchjding, but not limited to, taxane, as part of methods of the mvention. It is specifically 
contemplated, that any of the poxviruses or modified poxviruses discussed herein, including the 
Western Reserve and Copenhagen vaccinia virus strains (as well as dmvatives thereof), can be 
used with these combination therapies. For example, the Copenhagen vaccinia virus sixain can 
be, employed in conjunction witii taxol to achieve a therapeutic effect on a cancer ceH or in a 
' cancer patient 

hi some embodiments, the cancer cell that is adminisfcered viral compositions may be a 
bladder, blood, bon^ bone mmovi\ hmn, breast, colorectal, esophagus, gashDintestine, hea4 

-14- 



wo 2004/014314 PCX/US2O03/O25141 

kidney, liver, Iimg, n^opharjrax, neck, ovary, paara»aa, pxostate, akin, stomach, testicular, 
tongae, or utesnis cell, 

la other embodiments of ttie invention, attenuated vaooima -mas fiiithesr includes a 
nucleic add sequence encoding a heteologous fhQ:apeutio polypqttide. The heterologous 
therapeutic polypeptids is a tamor suppressor, imnnmomodulator, angiog^esis iiiliibitor, anti- 
vascular polyp^tide, cytotoxic polypeptide, apoptosis inducer, pro-drug activaling enzyme, or 
cytostatic polypejjtide in different einbodimeaits of the invention. 

Methods of the invention may involve employing an attenuated vaccinia vims that is the 
IHD-J strain or comprises a. K15ID mutation in A34R, Alternatively, to generate vaccinia 
viruses that are more resistant to destruction by complement or ihe complement pathway, vinjs 
may be produced from a cell line that overexpresses at least one human ccaEplement inhibitory 
protein. The complemfflit inhibitory protein can be CD55, CD46, or CD59, 

In specific embodiments^ there are methods for treating cancer in a patient involving 
administering to the patient an effective amoimt of a pbarmaceutically acceptable composition 
comprising a recombinant vaccinia vims comprising a mutation in tho gene encodiug B8R, 
B18R, or VC12L, resulting in a virus that lacks BSR, B18R, or vC12L interferon modulating 
function. An "effective amount" of the pharmaceutical composition, generally, is defined as that 
amount sufficient to detectaHy and repeatedly ameliorate, reduce, minimize or limit the extent of 
the disease or its symptoms, such as cancer. It is contemplated that a composition comprising 
10^, 10^ tO^ 10^, 10^ 10', 10«, 10^ lO''^, 10", 10'^ 10l^ 10", 10l^ 10^^ 10". 10^*, 10", 10^", 
■ 10^^ wmore viral particles or pfiis maybe administered 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 or more times 
toapatioit 

It is furJiieir conteanplaied that the attenuated vaccinia virus will lack BSR, B18R or 
VC12L inteifea:on-moduIating function and further possess a mutation in a gene encoding B13R, 
wMch results in the virus lacking B13R interferon-modulating function. In still fiuth^ 
embodimesttts, the attenuated vacdnia vinis lacks B8R, vC12L, and B13R. iuterferon-modulating 
functions, while in otheos it lacks at least two of B8R, B18R, or vC12L inteirfbron modulating 
functions. It is specifically contemplated that the attenuated vaccinia virus lacks B8R, B18R, 
and vC12L interfaxm-modulattng functions. In addition, a recombinant vaccdtriia virus that lacks 
.B8E, B18R, or vC12L interferoii modulating fiinction fiirther lacks at least one of the 
following: 

a) a complement cocntrol polypeptide fimction; 

b) a TNF-moduIating fimction 
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c) a serine protease inhibitar function; 

d) auIL-ip modulator fiinctio]3s 

e) an anfi-infectious EBV foim funotion; or 

f) A41L,B7R,N1U and/or TCOPchernQkmemoduktingfi^^ 
like fimctioa 

Other embodimaits of flie iiweniion include methods for Trilling a cancer cell fay 
contacting Hie cancer cell with aa attenuated vaccinia virus compriaiiig a mutatioti that reduces 
fte virus' ability to inliibit aa antiviral response mediated by an interfeioiit a chemokme, a 
cytoldne, complement, or neirtraliziug antibody. Some embodimeDts involve an attenuated 
vaccinia vims that has a mutation in a nucleic acid sequence encoding B8R, B13R, BISR, or 
vC12L. It is further contemplated that these viruses may lack one or more of a)-f) discussed in 
the preceding paragrapL 

In still fiirther embodiments of the invention, there are methods of treating cancer in a 
cancer patient involving contacting a tumor site with a therapeutically effective amount of a 
composition comprising an attenuated vaccinia virus and an agent fliai increases antitumoral 
-. efficacy of the attenuated vaccinia virus, so as to effect treatment of Qie cancer. The agent that 
increases the antitumoral efficacy of the attenuated vaccinia vims can be an interferon, 
proteinase, peptidase, microtubule stabilizing agent, chemotheaapy, radiotheara^iy, gsae therapy, 
immraiotherapy, or immunomodulatoiy therapy, 

la addition to therapeutic methods, the present invention concerns methods for producing 
a fortified EEV form of vaccinia \Trus comprising: a) infecting a human cell line that 
overeoqffBSBas a complement inhibitoiy protein with a vaccinia virus; and, b) isolating the EEV 
form of the vaccinia virus from the infected cell. A "fortified EEV form of vaccinia virus" refers 
to an EEV form of vaccinia ^mm that is stronger or more resistant to viral degradation 
mechanisms of an organism than an EEV form produced from a wild-type vaccinia virus. 

In some mefljods, the vaccinia virus comprises a mutation in the gene aicodiag A34R 
protdn. In some cases, the mutation results in a K151D mutation. Other embodiments involve 
oomplflmeut inhibitory protein that is CD55, CD46, or CD59. In still furflier embodim^ts, Ihe 
hmnan cell line ovwexpressea more than one complement inhibitory protein. 

In addition to mettiods, compositions that result from methods for producing fortifled 
EEV form of vaccinia vims are included aa part of the invention. A composition comprising 
vaociniia vims in vs^hidt the compositiott is at least 10%, 15%, 20%, 25%, 30%, 40%, 50%, 60%, 
70%, 80%, 90%, oris 100% fortLeedEEVfoamofvacciniaviros are speci£cany included. 
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Similarly, tbe ptesoit invention cxmcoms human cell lines for Ihe piroduction of fortified 
HHV fbnn of vacdnia vims. Sucli ceil lines are infisctoble wifh vaccina vinia, have vaccinia 
vims, or vaccinia viius expression constracts, and they av«ErexprBss at least oae complement 
inhibitory polypeptide. The complement inhibitory polypeptide may be CD55, GD46, or CD59. 
The host cell may be infeoted with a vaccinia vims that kcks at least one of the following: 



a) 


an interferon-modulating fimction; 


^) 


a complement control polypeptide ftmction; 


c) 


a TNF-modulating function 


d) 


a serine protease inhibitor ftinction; 


e) 


an EL'lp modulator function; 


•f) 


a fbnctionai anti-infectious EEV form polypeptide; or 


£) 


a functional A41L, B7R, Nl L or vCKKP chemokinc binding polypeptide 




CI IR EGF-hke polypeptide. 



Other methods of the invention include methods for treating microscopic residual cancer 
ctanprising: i) identifsdng a patient having a resectable tumor; (ii) resecting the tumoq and (iii) 
contacting the tumor bed with a vaccinia virus having at least one mntation ui a gene encoding 
A34R, A41L, A53R, B5R, B7S, B8R, B15R, BI8R, B22R, B28R, B29R, CUR, E3L, 

K2h, NIL, VC12L, or vCKBP. 

Other methods include treating a subject having a tumor comprising: (i) surgically 
revealing the tumor; and (ii) contacting said tumor with au attenuated vaccinia virus lacking A34R, 
A41L, A53R, B5E, B7R, B8R, B13R, B15R, BL8R, E22H, B28R, B29R, CllR, E3L, K2U 
NIL, vC12L, or vCKBP flmction. 

In additional embodiments, metliods for treatmg a subject having a tumor include 
prafuang the tumor, over an extended period of time^ with an attenuated vaccmia virus. While 
in other embodiments, there are methods of inMbiting metastatic disease in a subject having 
cancer comprising administering to die subject an attenuated vaccinia vims, thereby confening a 
iher^jeutic benefit on ttie subject The term "therapeutic benefif used throughout this 
applicafion refers to anything that ptonrotas or enhances the well-being of the siibjeot with 
respect to the medical treatment of his condition, which includes treatment of pre-cancer and 
canoex. A list of nonexhaustive examples of this includ<^ extension of the subject's hfe by any 
period of time, decrease or delay in the neoplasttc development of the disease, decrease in 
hypeiproKferation, reduction in tumor growth, delay of metastases, reduction in cancer cell or 
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tumor cell pioliferaiian rate, and a decrease in pain to fee subject that can be attributed to Ihe 
subject's condition. 

In fiirther aspects of the iavention, fljere are mettiods of treattng a mtltidrug-reaistant 
tumor in a patient Domprising 1) administeiiag to the patient an attctmated vaccinia virus and ii) 
administeiing chemoaierqjy or radiotherapy to fee padtait, thereby confening a therapeutic 
benefit on liie subject Fur£hennai!e> there are methods of lesndering an unraaeofable tumor in a 
patient resectable canqnising admmistedmg to the patient an efiBsctive amount of an attenttated 
• vaccinia virus and rejecting all or part of the tumor. Altamativefy, the invqation cavers treating 
a cancea: patient vibose cancer is resistant to cliemoliiierapy or radiotherapy comprising 
administering to the patient an attenuated vaccinia virus and adnunistecing chmiotherapy or 
radio&mpy to the patient. 

It is specifically contemplated that any embodioieiit discussed with respect to a particular 
method or composition maybe tn^lemented with respect to o&er methods and conq>o8itions of 
tiio invention. 

The use of the word "a" or "an" when used in conjunction wifii the teom "oompising" in 
the claims and/or the specification may mean "one," but it is also consistent with tlie meaning of 
"one or more," "at least one," and "one or more than one." 

Other objects, features and advantages of the present invention will become apparent 
from the following detailed description. It should be und6rstoo4 however, that the detailed 
description and the specific examples, while indicating specific embodiments of the invention, 
are given by way of illustration only, since various changes and modifiDations within the spkit 
and scope of the invsition will become apparent to fliose sidlled in the art ftom this detmled 
description. 

BREEF DESCRimON OF Hm DRAWINGS 

The following drawings form part of the present specification and are included to further 
demonstrate certain aspects of the present invention. The invention may be better understood by 
reference to one or more of tbese drawings in combination with the detailed description of 
specific embodimeats presented hereia, 

HG.IA and IB illusteates au example of Vaccinia virus strain replication in {FIG. lA) 
A2780 human ovarian carcinoma cell line and (FIG, IB) HCTn6 human colon carcinoma cell 
line, (x-axis is the strain and the y-axis is plaque forming units perml +/- SJE.) 

-18- 



wo 2004/014314 



PCT/US2003/»M141 



MG. 2 illustrates m exao^le of vacabm virus strain leplication in nomial human 
br<mcIiioqp!hiieliaI cells (NHBE). (x-axis is the ^aia and tiie y-axis is plaque Arming units per 
inl+/-S.E.) 

FtG, 3 illustrates an eixainple of the ratio of burst in cancer cells (A2780) to nonnal cells 
(NHBG^ (buist ratio) for vaccima Tims strains, (x-axis is the strain and I3ie y-ecds h the burst 
ratio). 

FIG. 4 illustrates an example of the ratio of burst in cancea: cells (HCTl 1 6) to noimal 
cells (MHBE) (burst ratio) for vaccinia virus strains. Oi^-axis is Qie stnrin and the y-axis is the 
burst ratio). Burst ratio is the ratio betweeai PFU for a famor cell compared to the PFU for a 
normal or non-tumor cell. 

FIG. 5A and SB illustrate exemplary isobologram analysis derived from the data 
presented in FlGs 6, 7, 8, and 9 exemplifying sjuergy between vaccitda virus (Copenhagen 
strain) and paclitaxel in HCTl 16 (FIG. 5B) and LNCaP (FIG. 5A) cdl lines. 

FIG. 6 illustrates exemplaiy HCTl 16 cell proliiferatioQ data derived fiom an exemplary 
MTS assay using combinations of pacKtaxel and vaccinia virus. 

FIG. 7 illustrates exemplary HCTl 16 cell proliferation data derived from, an exemplary 
MTS assay using combinalions of paclitaxel and vaccinia virus. 

fIG. 8 illustrates exemplary LNCaP cell proliferation data derived ftom an exemplEiry 
MTS assay using combinations of paclitaxel and vaccinia virus. 

FIG. 9 illustrates exemplary LNCaP cell proliferation data derived flrom an exemplary 
MTS assay using combinations of paclitaxel and vaccinia virus. 

FIG. 10 illustrates an exemplary study where lEfN-resistant and IFN-senstitive cells were 
infeccted with W or WR-B18R(-) +/- IFN treatment (treated 5 hours post infeuUon with IFN- 
alpha). 
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The ^esvat inveEdion concerns oncolytic poxviruses for th& teBatmeat of cancer. 
Poxviruses can be angineeced to be more efifeotiva or more efficient at Jdlling oanoear cells md/or 
be less toxic or damagirg to noo-cancer ceUs. More specifically, poxviroses be mutated to 
modify gene products such thai ihe modificatiQais renda: the vkasea better able to infect the host, 
better able to infect cancer cella. 
X Foxvlruses 

Virases are frequently inactivated, inhibited or cleared by immunomoditilatory moleailes 
such as interferons (-a, -J3, -y) and tumor necrosis factor-a (TNF) (Moss, 1996). Host tissues and 
inflammatory/ immune cells frequently secrete these molecules in response to vii-al infection. 
These molecules can have direct antiviral effects and/or indirect effects flirough recrdtmetrt and/ 
or activation of inflammatory cells and lymphocytes. Given the importance of these 
immunologic clearance mechanisms, virases have, evolved to express gene praducts that inhibit 
the induction and/or frinction of these cytoMnes/chemoIdnes and interferons. For example, 
vaccinia virus (W; and some o&cr poKvinises) encodes the secreted protein vCKBP (B29R} 
that binds and inhibits the CC chemokines (e.g., RANTES, eotaxin, MlP-l-alpha) (Alcami et a!., 
1998). Some W straiiis also express a secreted viral protein that binds and inactivates TNF (e.g.. 
Lister A53R) (Alcanri et al., 1999). Most poxviras strains have genes encoding secreted proteins 
that bind and inhibit liie function of interferons-a/p (e.g., B18R) or interferon-^ (B8S.). vC12L 
is an IL-18-binding protein that prevents IL-18 from inducing IFN-7 and IMK cell/ cytotoxic T- 
cell activation. 

Most poxvirus virulence research has been performed in mice. Many, but not all, of 
these proteins are active in mice (B18R, for example, is not). In situations in which these 
proteins are active against the mouse versions of the target cytokine, deletion of these genes 
leads to reduced virulence and mcieased safety with W mutants with deletions of or functional 
mutations in these genes. In addition, the inflammatory/inunune response to and viral clearance 
of these mutants is often increased compared to tie parental virus strain that expreases the 
inhibitoiy protein. For example, deletion of the Tl/35kDa femily of poxvirus-secreted proteins 
(Ghsmokine-bindins/-inhibitory proteins) can lead to a marked increase in leukocyte infiltration 
into viras-infected tissues (Graham et al, 1997). Deletion of the vC12L gene in W leads to 
reduced viral titers/ toxicity following intranasal administration in mice; in addition, NK. cell and 
cytotoxic T-lymphocyte activity is hicreased togeflier wife EPN-y induction (Smith et al, 2000). 
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Deletion of the Myxoma virus T? gene (able to bind IFN-^y and a broad range of chemoMtaes) 
resalts in reduced vindeoce and sigiificaatiy increased tissa© inflaroniatioDJinfitaalion in a 
toxicity model (Upton et al., 1992; Mossman et al, 1996). Deletion of tie M-T2 gene fiom 
myxoma virus also rasxilted in reduced virulence in a rabbit model (Upton d. 1991). Deletion 
of tiie BISR aiiti-LQterferon-a/-p gene product also leads to enhanced viral sensitivity to IFN- 
rnediated cleardnce, reduced titers in normal tissues and reduced vinitence (Symons et aU 19?5; 
Colamoiiici et al, 1995; Alcami etal, 2000). In summaiy, tiiBse viral gene products ftmction to 
decrease the antiviral immmie respoiiBe and inflammatory ccJI injSltrafcion into virus-infected 
. tissues. Loss of protein function through deletion/mutation leads to decreased virulence and/or 
-increased proinflammatory propeities of the virus within host tissues. 

Cytokines and chemoknies can isve potent autitumord effects (Vicairi et al.^ 2002; 
Homey et al, 2002). These effects can be on tonor cells themselves directly {e.g., TNF) or they 
can he indirect through effects on non-cancerous cells. An example of the latter is TNF, which 
can have autitumoral effects by causing toxicity to tumor-aasociated blood vessels; this leads to a 
loss of blood flow to the tumor followed by tumor necrosis. In addition, chemokines can act to 
recruit (and in some cases activate) immune effector cells such as neutrophils, eosinophils, 
macrophages and/or lymphocytes. These immune effector cells can cause tumor destruction by a 
number of mechanisms. These mechanisms include the expression of antitumoral cytokines 
{e.g., TNF), expression of fas-ligamd, expression of perforin and granzyme, recruitnient of 
natural HUer cells, etc. The inflammatory response can eventually lead to the induction of 
systemic tumor-specific immunity. Finally, many of these cytokm^ {e.g., TNF) or cbemokines 
can act aynergisticany with chemotherapy or radiation tharapy to destroy tumors. 

Clinically effective systamc administration of recombinant versions of tliese 
immunostimuktoiy proteins is not feasible due to 1) induction of severe toxicity with systemic 
administration and 2) local expression within tumor tissue is needed to stimulate local infiltration 
and antitumoral effecte. Approaches are needed to achieve high local concentrations of these 
molecules within tumor masses wMIe minimizing levels in the systemic circulation, Viruses can 
be ^igineesred to ejcpress cytoldns or cbemoldne genes in an attempt to enhance their efficacy. 
Expreasian of these genes from repKcation-selective vectors has potential advantages over 
expresKon fittm non-replicating vectors. Expression from replicating viruses can result in higher 
local concentrations within tumor masses; in addition, rephcating viruses can help to induce 
antitumoral immunity fhrougli tumor cell draiiuction/oncolysis and relea^ of tumor antigens in a 
piDinflanunatoTy enviKxraneat. However, there are several limitatiaQs to this ^proack Serious 
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safety concerns arise flrom the potential fbr Mease itito the eamoameat of a leplioation- 
oompetent vitus (albeit tumor-seleceve) wifh a gene that can be toxic if espressed in high local 
concentrations. Vituaes that express potent pro-iaflaffimatoiy genes fiom thdr genome may 
mss:e&fXG pose safety risks to the treated patient and to the geaieral public. Eren with tumor- 
targeting, replication-selective viruses expressing these genes^ gsae expression can occnr in 
normal tissues resulting in toxioitjr. In addition, size limitatiaos prevent exprression of multiple 
and/or large genes from viruses such as adenovirus; these molecules will definitely act more 
efficaciously in combination. Finally, many of the oncolytic viruses in use express anti- 
inflaanmatory protems and therefore these viruses will comrtaract the induction of a 
proinflammatoiy miheu within the infected tumor mass. The resajlt will be to inhibit induction of 
antitHmoral immunity, antivascular effects and chemotherapyVr^iotherapy-saisitization. 

A. Vaccinia Virus 

1. Interferon-ModulatingPofypeptides 

hiterferon-oZ-P blocks viral replication through several mechanisms. Inteiferon-y has 
weafeer dhect viral inhibitoiy effects but is a potent inducer of cell-mediated immunity through 
several mechanisms. Viruses have evolved to express secreted gene products that are able to 
counteract the antiviral effects of interferons. For example, vaccinia virus (and other poxvirus^) 
encodes the secreted protems B8R and B18R which bind mterferon-y and -a/-% respectively 
(Smith et al, 1997; Symons et al., 1995; Aicsmi et al., 2000). An additional example of a 
vaccinia gene product ihat reduces intaferon induction is the caspase-1 inhibitor B13R which 
inhibits activation of the hIterfeIOtt-^inducing factor IL-18. Interferon modulatmg polypeptides 
inehida. but ate not limited to. B18R, which may be termed B 19R in other viral strains, such as 
the Copenhagen strain of Vaodnia virus; B8R; B13R; vC12L; A53R; E3L acd other viral 
polypeptides with similar activities or properties, im modulating polypeptides may be divided 
into the non-exclusive categories of those that preferentially modulale IFNa and/or ^ pathways 
(STJcih as B18R, B8R, B13R, or vC12L) and those that modulate IFN7 pathways(for example 
B8R313R,orvC12L). 

Canc^ cells axe frequently resistant to the effects of interferons. A number of 
mechanisms are involved. These inchide the fact that ras signal transduction pathway activation 
(ag., by ras nmtatioB, upstream growth factor receptor ovaiexpressionAnutation, etc.), a common 
feature of cancer cells, leads to EKR inhibition, hi addition, lymphocytes are often inhibited in 
tumor masses by a variety of mecftanistm indudmg IL-IO production and fes-L expression by 
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tumor cells. Siujce lymphocytes are a m^oer source of ittterfem-^ pcoduction, lymphocyte 
inhibitio]! leads to a deciease ia iDfErfenm-y proifciction in tumors. Thfaslbre, tumor masses tend 
tQ be sfiDCtuaries ftcan flie efifects of i3]*erftiimis. In addition, inierferans fhemselves can have 
antitumoral effects. For exaiople, IFNPy c&n increa^ MHC class-I-associated antigen 
pussentaticm; this will .^ow mare efficient Cll-mediated Idlling of tumor cells. IFN-o/p, &t 
example^ cm block mgLog/sDEms wMdn tumor masses and thoieby block ttunor growth. 
2. Complemeiit Control Polypeptides 
A major mechamsm ibr the cleataaice of viral pafhogens is the killing of infected cells 
within the host or of viiions within an organism by complemeEt'depeaident mechanisms. As the 
infected cell dies it is unable to continne to produce infectious virus. Ia addition, during 
^optosis intracellular enzymes are released whicli degrade DNA These enzymes can lead to 
viral DNA degradation and vims inactivation. Apoptosis can be induced by numerous 
meclmnisms including the binding of activated complement and the complement membrane 
attack complex. Poxviruses such as vaccinia have evolved to express gene products that are able 
to counteract the complement-mediated clearance of virus and/or virus-infecfed cells. These 
genes thereby prevent apoptosis and inhibit viral clearance by complement-dependent 
mechanisms, ttius allowing the viral infection to proceed and viral viraleace to be mcreased. For 
example, vaccinia virus complement conteol proteins (VCP; e.g,, C21L) have roles in die 
prevention of complement-mediated cell killing and/or virus inactivation (Isaacs et al, 1992). 
VCP also has anti-inflammiatoiy effects smce its expression decreases leukocyte mfiltration into 
virally-infected tissues. Complement control polypeptides mclude, but are not hmited to, VCP, 
also known as C3L or C21L, 

Cancer cells ftequentfy overexpress cellular anti-complement proteins; this allows cancer 
ceDs to survive complement attack +/- tumor-specLfIc antibodies (Caragine et al, 2002; Durrant 
et al, 2001; Amdoh et al 2002). Therefore, agents that preferentially target tunwr cells due to 
their inheraot resistance to CDmplemeHt-mediated Idlling would have selectivity and potential 
efficacy in a wide range of human cancers (Durrant et al, 2001). In addition, one of the 
haUmatks of cancer cells is a loss of nomial apoptotic mechanisms (Gross et al., 1999). 
Resistance to apoptosis promotes carcinogenesis as well as rasistance to antitumoral agents 
including immunoiogic, chemothetiqjeiitic and mdiofcerajieutic agents (Eliopoulos et al, 1995). 
Apoptosis inhibition can be mediated by a loss of pjXH^optotic molecule function (e.g., hax), an 
inarsase in the leveis/fianction of anti-apoptotic molecules (e.g., bcl-2) and finally a loss of 
cconplement sensitivity. 
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3. TEW-ModuIatingPolb'P^tides 

One of the variotts Mechanisims fbr the clearanco of viral pafhog^ is Hue killing of 
infected cells witMa the hast l>y the induction of apoptosis, as described above. Apoptosis can 
be induced by nnmerous mecJianisms including the binding of TNF and lymphotoxin-alpha 
(LTa) to cellular TNF recqptora, which, triggers intraceltolar signaling cascades. Activation of 
l3ie T£iF rec^tors fimction in the regulation of imrmme and inflanunatoiy re^onses, as well as 
imJudng apoptotic cell death (Wallacli a/., 1999) 

Various strains of poxviruses, including some vaccinia virus sliEnns, have evolved to 
express gene products that are able to counteract the TNF-mediated clearance of viras and/or 
virus-infected cells. The proteins encoded by these geties circumvent the pioinflatumatory and 
apoptosis inducing activities of TNF by binduig and sequestering extraceUuIar TNF, resulting in 
the inhibition of viral clearance. Because viruses are not cleared, the viral infection is allowed to 
proceed, and thus, viral virulence is increased. Various members of Hie poxvirus family express 
secreted viral TNF receptors (vTNFR). For example, several poxvmises encode vTNFRs, such 
as myxoma (T2 protein), cowpox and vaccinia virus sttams, sucli as Lister, may encode one or 
more of the CimB, CrmC (A53R), CrmD, CxmE, E28R proteins and/or etiuivalents thereof 
Tliese vTMFRs have roles in the prevention of TNP-mediated cell killing and/or vkus 
inactivation (Saraiva and Alcami, 2001). TNF modulatory' polyp^tides include, but are not 
limited to, A53R, B28R {this protein is present, but may be inactive in the Copenhagen strain of 
vaccinia vnus) and other polypeptides with similar activities or properties. 

One of the hallmarfss of cancer cells is abeixant gene expression, winch may lead to a loss 
of sensitivity to a number of molecular mechanisms for growth modulation, such as sensitivity to 
the anti-cancer activities of TNF. Thus, viral immunomodulatory mechanisms may not be 
required for the propagation of a virus within the tumor microenviHKnmeat. 

4, Serine Protease Inhibitors 

A major mechanism for the clearance of viral pathogens is the induction of apoptosis in 
infected cells within the host. As the hifected cell dies it is unable to continue to produce 
infectious virus. In addition, during apoptosis intraoeEular enzymes are released which degrade 
DNA. These eaizymes cm lead to viral DNA degi-adation and virus inactivation. Apoptosis can 
be induced by numerous mechanisms including the binding of cytokines {e.g.. tumor necrosis 
fector), grauzyme production by cytotoxic T-lymphocytes or fas-ligand binding; caspase 
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activation is a critical part of the final camnKm ^optosis pathway, VinKes have evolved to 
express gene products that are able to eountetact Sie infiacelliilar signalling cascade induced by 
sucdi molecules iaduding fiis-Kgand or tumor necrosis factor (TNF)/ XNF-related moleculeB 
(e^., E3 10.4/ 14.5, 14.7 genes of adenovirus (Wold et al, 1994); BlB-19kD of adeooviius 
(Boyd et at, 1994); cnnA ftom oowpoxvirus; B13S. ficm vaccinia vims) (Dobbelstein et al, 
1996; Kettle al, 1997). These gene products prevent apoptosis by apoptosis-indudng 
inolecides and thus allow viral replicatioai to proceed despite fhe presence of antiviral qjoptosis- 
induciag cytokines,, fas^ granzyme or oftier stimulators of apoptosis. 

W SPI-2/ B13R is highly homologous to cowpox CrmA; SPI-1 (YV) is weakly 
homologous to CmiA (Dobbelstein et aL, 1995). These protdns are serpins (serine piotease 
inhibitors) and both CmiA and SPI-2 have roles in the prevention of various foims of apoptosis. 
Inhibition of interleukta-ljJ-converting enzyme (ICE) and granzyme, for example, can prevent 
apoptosis of the infected cell. These geatie products also have anti-initenmatory effects. They are 
able to iiihibit the activation of IL-18 which in tuna would decrease IL-lS-mediated induction of 
IFN-y. The imraunostimulatojy effects of IFN-r on cell-mediated umnunity are thereby udribited 
(Kettle et al, 1997). SPls include, but are not Hmited to, BISR* B22R, sod other polypeptides 
with similar activities or properties. 

One of the hallmarks of cancer cells is a loss of normal apoptotic mechanismB (Gross et 
al, 1999). Resistance to apoptosis promotes carcinogenesis as well as resistance to antitumoral 
agents including innnunologic, chemotherapeutic and radiotherapeutic agents (Eiiopoulos et aL, 
1995). Apoptosis inhibition can be mediated by a, loss of pro-apoptotic molecule function (eg., 
bax) or an increase m Uie levele/fluiction of anti-apoptotic molecules (e.g., bcl-2). 

5. IL-lp-M«dulating Polypeptides 

IL-lp is a biologically active factors that acts locally and also systemicalfy. Only a few 
functional differences between IL-1 15 and IL-la have been described. The numerous biological 
activities of IL-lp is exemplified by Ihe many different acronyms under which Th-l has been 
described. IL-1 does not show species specificity with the exception of human that is 
inactive ui porcine cells. Some of the biological activities of IL-l are mediated indirectly by the 
induction of the s3Tittiesis of other mediators mcludittg ACTH (Corticotropin), PGE2 
(prostaglandin E2), PF4 (platelet factor-4), CSF (colony stunulating fectors ), lL-6, and IL-8. 
The synthesis of H^l may be induced by other cytokines mcluding TNTF-o, IFN-a, IFN-p and 
IFN-Y and also by bacterial endotoxins, viruses, mitogens, and antigen?. The main biological 
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activity of E^l is the sttmnMon of T-Mper cells, which, are induced to secrete iL-2 and to 
express IL-2 leGeptars. Virus-infected naacrophages produce large amouufs of an IL-l tnbibitor 
tiiat may support opportuiiistic inffections and ttansfomiaiion of qbOs in patients wit3i T-cell 
maturation defected IL-l acts directly on B-cells, promoting their proliferation and the synthesis 
of inununoglobulins. lL-1 also functions as one of floe priming factors that makes B-cdls 
responsive to IL-5, IL-l stiraulatBs fha proHfeaation snA activation of N81-cells and fibioblasts, 
thymocytes; glioblastoma oeUs. 

Blockade of the syndiesis of EL-ip by the viral protein is regarded as a viral strategy 
allowing systemic antiviral reactions elicited by IL-l to be suppressed or dimitiished. Binding 
proteins effectively blocking the functions of JL-1 with similar activity as B 1 5R have been found 
dso to be encoded by genes of the cowpox virus. Vaccinia virus also encodes another protesin, 
designated B8R, which behaves like a receptor for cytokines (Aicanri rad Sinil3i,1992; Spriggs et 
al., 1992). IL-l modulatfaig polypeptides include, but are not limited to, B13K, B15R, and otha: 
polypeptides with similar activities or properties. 

One of the haBmaits of caticesr cells is aberrant gene expression, -which may lead to a loss 
of senafivity to a number of molecular mechanisms for growth modulation, such as sensitivity to 
the anti-caocer activities of JL-l. Thus, viral immraiomodulaiory mechanisms may not be 
required for the propagation of a viras vnihin the tumor microenvhraiment. 

6. EEVForm 

Viral spread to metastatic tumor sites, and even spread within an infected solid tumor 
mass, is generally inefficient (Heise et al, 1999). Intravenous administration typicaBy results in 
viral clearance or inactivation by antibodies {e.g., adenovirus) CKay et al, 1997) and/or the 
complement system {e,g., HSV) (Ikeda et al, 1999). In addition to these immune-mediated 
mechanisms, the biodistribution of these viruses results in the vast majority of mtravenous virus 
depositing within normal tissues raflier than in tumor masses. Intravenous adenovirus, for 
example, primarily ends up within the liver and spleenj Iras than 0.1% of the input virus 
depositing within tumors, even in immmiodcficient mice (Heise et al, 1999). Therefore, 
although same modest antitamoral efficacy can be demonstrated with extremely higli relative 
doses in immunodeficiejit mouse tumor models, mtravenous delivery is cacttemely incdEficient asad 
siipiificantly limits efficacy. 

Vaccinia virus has the ability to replicate within solid tumors and cause necrosis. In 
addition, ihymidine Idnase-deMon mutants can infect tumor masses and ovarian tissue and 
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expjcess madcer genes predfeieiitially in moose tumor model systems (Gnant et al, 1999). 
However, since these studies generally detemaned tumor targetiiig based on marker gene 
eaqpres^on aJEter > 5 days, it is unclear wheCher 1iie virus preferendaUy dqjosits in, express 
gemes in or replioetes in tunaoi/ovBry tissue (Puhlmaaa et al., 2000). Regardless of the 
meoitanisni, the antitujiioral efScaoy of this vims without additional tranagenes was not 
Statistically agmficant (Gnanf a al, 1999). In contrast, irrtratumoial virus injection had 
significant antitumoial efficacy (McCart et oL 2000). Therefore, i.v, efficacy oouM be improved 
if Iv. delivay to the tmnor w«e to he improved. 

Vaccinia vims replicates in cells andjiroduces both intcaceUtilar vims (MV, intracellular 
mature virus; IBV, intracellular enveloped vims) and eattraceUular virus (EEV, extracellular 
enveloped vims; CEV, ceU-associatcd extracelMajr vims) (Smith et al,> 1998), MV t^resents 
approxitnately 99% of virus yield folkwing replication by wild-type vaccinia virus strainB. This 
vims fomi is relatively stable in the eaviionment, and thsesrefbie it is primarily responsible for 
spread betweeaa individuals; in contrast, this vims does not spread eflBlciently within the infected 
host due to ineffideot release flom cells and sensitivity to complement and/or antibody 
neutrahzation. In contrast, BEV is released into liie extracellular milieu and typically represents 
only approximately 1 % of the viral yield (Smith et aL, 1998). EEV is responsible for viral spread 
within the infected host and is relatively easily degraded outside of the host. Importantly, EEV 
has developed several mechanisms to inhibit its neiEtralization within the bloodstream. First, 
EEV is reladvely resistant to complement (Vanderplasschen et aL, 1998); this feature is due to 
the incoiparation of host cell inhibitors of complement into its outer membrane coat plus 
secretion of Vaccinia virus complement control protein (VCP) into local extracellular 
environment. Second, EEV is relatively resistant to neutralizing antibody effects compared to 
IMV (Smiih et aL, 1997). EEV is also released at earlier time points following infection (e.g., 4- 
6 hours) than is IMV (which is only released dming/ after cell death), and therefijre spread of the 
■EEV fonn is faster (Blasco et aL, 1 993). 

Unfortunately, however, wild-type vaccinia strains make only very small am.ounts of 
EEV, relatively. In addition, hreatment with vaccinia viras (i.e., the input dose of vims) has been 
limited to intracellular vhrn forms to date. Standard vaccinia virus (W) manutactuiing and 
purification procedures lead to EEV inacfivation (Smith et aL, 1998), and non-human cell Hnes 
are fiequenfly used to manufacture the virus; EEV from non-human cells will not be protected 
from complsTOLent-mediated clearance (complement inhibitory proteins acquired ftom the cell by 
EBV have species restdcted effects). Vaccinia, virus efficacy has therefore been Umited by the 
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idative sensitivity of the JMV finm to noitialization and by its inefHcieaat spread -witbiit solid 
tumofT masses; tbis spread is tjfpicaUy ftom ceD to adjacent cell, JMV spiread to distant tumor 
masses, either through the bloodstream or l^noipbatlcs, is also incfQcient 

Therefore, the rare HBV form of vaccinia viras has natutally acquired features that mafce 
it superior to flie vacduia virus &nn used in patients to date (IMV); EEV is optusized fta: rapid 
and efSdent spread finxm^ solid tumors locally and to legional or distant tumor sites. Since 
EEV is relatively leaistant to complement esffiscts, wiiai it is grown m a cell &om. the same 
species, tibis virus form -will have enhanced stability and retain activity longer in the blood 
foHowing intmvaseular administration than standard preparations of vaccsma virus (which 
coBima exclusively IMV)XSniifh et al, 1998). Since EEV is r^stant to antibody-mediated 
neutralization, this virus ferm will retain activity longer in the blood followiog intravascular 
administration than standard preparations of vacoitiia virus (wMcii contain almost exolusivBly 
IMV> (Vanderplasschen et at, 1998). This feature will be particularly important for repeat 
administration once neutralizing antibody levels have increased; all approved anti-cancer 
therapies require repeat administration. Therefore, the EEV form of vaccinia, and other 
poxviruses, will result in superior delivery of theiapeutic viruses and their genetic payload to 
tumors through the bloodstream. This will lead to enhanced systemic efficacy compared -with 
standard poxvirus preparalioiis- Finally, the risk of transmission to individuals in the general 
pubhc should be reduced significantly since EEV is extemely unstable outside of the body. 
Polypeptides involved m the modulation of the EEV form of a vnus include, but are not limited 
to, A34R, B5R, and varioxis oth^ proteins that influence the production of the EEV fonn of the 
poxviruses. A mutation at oodon 1 5 1 of A34R from a lysine to a aspartic acid (K15 ID mutation) 
renders the A34E. protem less able to tether tlie EEV form to the cell membrane. B5R. is an 
EEV-membraae bound polypeptide that may bind complement. The total deletion of A43R may 
lead to increased EEV release, but markedly reduced infectivity of the viruses, while the K151D 
mutation increases EEV release while maintaining infectivity of the released viruses. B5R has 
sequence homology to VCP (anti-complement), but complement inhibition has not yet been 

Briefly, one method for identifying a fortified BEV &im is as follows. EEV are diluted 
in ice-cold MEM and mixed (1:1 volume) witii active or heat-inactivated (56° C, 30 min, 
control) serum diluted m ice-cold MEM (final dilution of serum 1/10, 1/20, or 1/30). After 
incubation or 75 minutes at TC, samples are cooled on ice and mAb 5B4/2F2 is added to ftesh 
EBV samples to neutralize any contaminates (IMV and ruptured EEV). Virions are then bound 
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to RK13 cells for one hour on ioe, cGonpleuifint and unbound -risoos are waahed awAy, and the 
number of plaques are counted two days later. The hi^er the plaque number Has greater liie 
resistance to csomplemeat, Vanderplasschen et al. PNAS 1998; 95(13): 7544-7549, herein 
incorporated by reference. Exemplary methods desiaibing the isolation of EEV foims of 
Vaccinia virus can be found inBlasco et at 1992 (incoiporatwl herein by refbience). 

7- Other Polypeptides 

Other viral inmnmomodulaljory pol3'p6ptides may include polypeptides that bind other 
mediators of the immune respoBse and/oj modulate molecular pathways associated with the 
iimnime response. For example, chemoiiae binding polypeptides such as B29R {this protein is 
present, but may be inactive in the Copenhagen strain of Vacdnia virus), C23L, vCKBP, A41L 
and polypeptides with similar activities or properties. Other vaccinia virus proteins such as the 
vaccmia virus growth factor ie,g., CI IL), which is a viral EGF-Hke growth factor, may also be 
the target for alteration in some embodiments of the mvention. Other polypeptides that may be 
classified as viral immunompdulatoiy factors include, but are not Umited to B7JK, NIL, or other 
polypeptides that whose activities or properties increase the virulence of a poxvirus. 

8. Vaccinia Vinis-lBduced Cell Fasion 

In certdn embodiments of the invention an alteration, deletion, or mutation of A56R or 
IvZL aicoding nucleic genes may lead to cell-cell fusion or syncitia formaiioTi induced by W 
infection. Vaccinia virus-induced cell fusion will typically increase antitumoral efficacy of W 
due to iatiatumoral vhal spread. lotratumoral viral spreading by cell fusion will typically allow 
.1}i6 virus to avoid neuttaliahg antibodies and immune responses. EjUing and infection of 
adjacent uninfected cells (i.e,, a "bystander effect) may be more efficient in W widi mutations 
in 0(ae or both of these genes, which may result in improved local antitumoral effects. 

B. Other PoxvJnmes 

Vaccinia virus is a meiuSjer of (he fenily Poxviridae, the subfemily Chordopoxvirinas 
and tiie genus Oithopoxvirus, The genus Orthopoxvirus is relatively more homogeueous than 
other manbers of &e Chordopoxvirime subiSimiiy and indudes U distinct but closely related 
species, which includes vaccinia virus, variola virus (causative agent of smallpox), cowpox 
virus, bnSalopox virus, monkeypox virus, moi^epox vims and horsepox virus species as well as 
others (see Moss, 1996). Certain embodiments of the ioventian, as described hexebj, may be 
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escteoded to ottis^ membeis of Orfhapaxmrus genus as well as Qie Pan^paxyirus^ Avipoxvtrust 
G^rtpamms, l^oripoxvims, Su^xiomt, MoUmapaxvirusj and Yatapaxvirus geaus. A 
gemus of poxvirus fetoily is generally defined by serological means iacluding neutralization and 
cross-reactivity in leiboaxttDry animals. Vailous memb^ of the Orthcpoxvmis genus, as well as 
other members of ihe Chordovirmae subferaily utilize immunomodulatuTy molecules, exattiples 
of which are provided hearein, to oounterad: &e icomune responsas of a host orgaxdsm. Thus, fbs 
ioventioo described herein is not limited to vaccinia virus, but may be ^licable to a number of 
viruses. 

C. Virus Propagation 

Vaccinia virus may be propagated usdng the m^hods described by Ear? and Moss in 
Ausbel et al. Current Protocols in Molecular Biology> pages 16.15.1 to 16.18.10, -vrfiich is 
incfliparated by I'^eference herein. 

IL Proteinaceous and Nucleic Acid Compositions 

The present invention concerns poxviruses that are adirantageous in fee study and 
treatment of cancer cells and cancer in a patient. It concerns poxviruses, particularly vaccinia 
viruses, that have been constructed with one or more mutations compared to wild-type such that 
the virus has desirable propaiies for use against cancer cells, while being less toxic or noix-toxic 
to non-cancer cells. The teachings described below provide various protocols, by way of 
exssa^le, of implementing methods aaid compositions of the invention. They provide 
bacfcground for generating mutated viruses throu^ the use of recombinant DNA tedmology. 

A. Proteinaceous Compositions 

In certain embodiments, the present invention conoems generating poxviruses that lack 
one or more functional polypeptides or proteins and/or generating poxvimses tlmt have the 
ability to release more of a particular form of the virus, such as an infectious EEV form. In other 
embodiments, the present invention concerns poxviruses and their use in combination with 
.. proteinaceoTis coaiposition as part of a phaimaceutically acceptable formulation. 

As used herein, a "protein" or "polypeptide" refers to a molecule comprising at least one 
.amino acid residue. In some embodimentSj a wild-^e version of a protein or polypeptide are 
employed, however^, in many embodiments of the invention, a viral protein or polypeptide is 
absent oir altered so as to render the vhus more useful for the treatment of a cancer cells or cancer 
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in a patient. The terms described above may be used iotetchtmgeably hatdn. A "modified 
protein" rar "modiiied polypeptide" refers to a protein or polypeptide whose chemical structure is 
altered with respect to the wild-type protein or poljpeptide. la some embodiments, a modified 
ptDtem or polyp^tide has at least ana modified activity cet fiinction (recognizing that proteins <k 
polypeptides may have multgrte activities or fimctions). The modified activity or fiBiction 
we ieduce4 dimnished, eliminated, enhflnced, inaproved, or aftered in some other way (such as 
specificity) with respect to fliat activity or fimctton in a wild-type protaia or polypeptide. It is 
specifically ccoten^laled that a modified protein or polypeptide may be aftered with respect to 
one activity or function yet retain wild-type activity or function in other respects. Altematively, 
a modified protein may be completely nonfiinctional or its cognate nucleic acid sequeace 
have been altered so that the polypeptide is no longer e:qH:essed at all, is truncated, or expresses a 
diffta-ent amino add sequence as a result of a fiamesbift. 

Li certain embodiments the size of a mutated protein or polyp^tide may comprise, but is 
not hmited to, 5, 6, 7, S, 9, 10, 11, 12, 13, 14. 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 
28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51. 52, 
53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74, 75, 76, 77, 78, 
79, 80, 81, S2, 83, 84, 85, 86, 87, SS, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100, 110, 120, 
130, 140, 150, 160, 170, 180, 190, 200, 210, 220, 230, 240, 250, 275, 300, 325, 350, 375, 400, 
425, 450, 475, 500, 525, 550, 575, 600, 625, 650, 675, 700, 725, 750, 775, 800, 825, 850, 875, 
900, 925, 950, 975, 1000, 1100, 1200, 1300, 1400, 1500, 1750, 2000, 2250, 2500 or greater 
ammo molecule residues, and any range derivable fherem. It is contemplated that polypeptides 
maybe mutated by truncation, rendering them shorter than their corresponding wild-type form. 

As ysed herein, an "amino molecule" refers to any amino acid, amino acid derivative or 
amino acid mimic as would be known to one of ordinary skilJ in the art. hi certain embodiments, 
the residues of the proteinaceous molecule are sequential, without any non-ammo molecule 
inteiTuptmg the sequence of araino molecule residues, hi other embodiments, the sequence may 
comprise one or more nonramino molecule moieties. In particular embodiments, the sequence 
of i-Bsidues of the prot^naceous moleciUe may be intemrptBd by one or more non-amino 
molecule moietieB. 

Accordingly, the tenn "protemaceous composition" encompasses amino molecule 
sequences camprising at least one of the 20 common ammo acids in naturaliy synthesized 
proteins, or at least one modified or inmsn^ amino acid. 
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Fnrtemaceous compositions may bs made by easy tecdmique koown to those of aktll in tiie 
art, indudiDg flie expression of proteins, polypeptides or peptides through sta^ard molecular 
Mological tecluiiqaes, the isolation of proteinaceous ccBxtpamiis fiom natural soorcesj or the 
chemical synthesis of proteinaceous materials. The nnokotide and protein, polypeptide and 
pe;ptide sequences for various genes have been previously disclosed, and may be found at 
coiitputeiri2ed databases known to ihose of ordinary sMU in llie art. One such database is the 
National Center Sot Biotechnology Mormation's Geabank and GenPqpt databases 
{lit)py/vnflnvjicbi.rilmjiih.govO. The coding regions for these known genes may be amplified 
and/or exp.'essed using the techniques disclosed berein or as wonld be know to those of ordinary 
skill in dje art. 

L Fimcttonal Aspects 

When the present application refers to the function or activity of viral proteins or 
polypeptides, it is meaut to refer to the activity or flinction of that viral protein or polypeptide 
imder physiological conditions, unless otherwise specified. Por example, an interferon- 
modulating polypeptide refers to a polypeptide that affects at least one interferon and its activity, 
either directly or indirectly. The polypeptide may induce, enhance, raise, increase, dinainish, 
weaken, reduce, inhibit, or mask the activity of an interferon, directly or indirectly. An example 
of directly affecting iaterferon involves, in some eniboduiientS3 an interferon-modulating 
polypeptide that specifically binds to the interferon. Determination of which molecules possess 
this activity may be achieved iising assays familiar to those of skill in the art. For example, 
transfer of genes encoding products that modulate interferon, or variants thereof into cells that 
are induced for interferon activity coicpaied to cells with such transfer of genes may identify, by 
virtue of dtSerent levels of an interferon response, those molecules having a interferon- 
modulatiug function. 

it is specifically contemplated that a modulator may be a molecide that affects the 
expression proteinaceous compositions involved in the targeted molecule's pathway, such as by 
binding an inteiferon-encoding transcript Determination of which molecule are suitable 
modulators of mterferon, IL-ip, TNF, or other molecules of therapeutic benefit may be achieved 
using assays familiar to those of skill in tihe art — some of which are disclosed herein— and may 
include, for example, the use of native and/or recombinant viral proteins. 
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2. Variants of Viral Potypeptides 

Amino acid seqiioDce varimSs of the polypqxtides of Ihe piBseait iav^tion caa be 
isubstifeitional, ioseational or deletion Yariants. A matation in. a geaae encoding a -viral polypeptide 
may affect 1, 2, 3, 4, 5, 6, 7, 8, 9. 10, 11, 12, 13, 14, 15. 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 
27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47. 48. 49, 50, 51, 
52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70. 71, 72, 73, 74, 75, 76, 77. 
78, 79, 80, 81, S2, S3, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100. 1 10, 120, 
130. 140, 150, 160, 170, 180, 190, 200, 210. 220, 230, 240, 250, 275, 300, 325. 350, 375, 400, 
425, 450, 475, 500 or more non-contiguous or contiguous amino acids of the polyperptide, as 
compared to wild-type. Various poljpeptides encoded by Vaccinia Virus may be ideatified by 
. reference to Rosel et all 1986, Goebel et at, 1990 and Genbank Accession Number 
NC_001559, each of wliich is incorporated herein by reference. 

Deletion variants lack one or more residues of tixe native or wild-type protein, ^dividual 
residues can be deleted or aU or part of a dcanain (such as a catalytic or binding domain) can be 
deleted. A atop codon may be introduced (by substitution or insation) into an encoding nucleic- 
acid sequEaice to generate a truncated protein. Ihsertional mutants typically involve the addition of 
material at a non-terminal point in thfit polypeptide. This may inchide tbe insertion of an 
immimoreactivB epitope or simply one or more residues. Tenninal additions, called fusion proteins, 
may also be generated. 

Substitutional variants ^ically contain the exchange of one amiuo acid for another, at one 
cfT more sites within the protein, and may be designed to modulate one or more properties of the 
polj^tide, with or without the loss of oflier Smcticms or piopeities. Substitutions may be 
conservative, that is, one amino add is replaced with one of similar sh^e and charge. Consavative 
substitutions are weU known in the art and include, for exmtple, iiie clianges of; al^nne to aedne; 
argiiiine to lysine; aspaiagine to ghttamine or histidine; aspartate to glutamate; cysteine to serine; 
^utamine to asparagjb^ glutamate to aspartate; glycine to proline; histidine to asparagine or 
glutamine; isoleucine to leucine or valine; leucine to 'v^e or isoleucine; lysine to arginine; 
me&iomie to leucine or isoleucine; phenylalanine to tyrosine, leucine or metbiomne; serine to 
thteonine; threouine to serine; tryptophan to tyrosine; tyrosine to la^topban or pheaylalanine; and 
. valine to isolgjcine or leucine. Altemative^y, substitutians may be non-conservative such that a 
fimction or activity of the polypeptide is affected. Non-coaiservative changes typically involve 
snbstitiiting a residue with cane fliat is chemically dissimilar, such as a polar or char^ amino add 
for a nonpolar ca- tmchaiged aDiino acid, and vice veisa. 
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The tenn "ftmelianany equivalent codcm" is used herdn to refer to codons that encode 
the same amino acid, sudi as the six codogos for argmine or sedne^ and also refers to codons that 
aicode biologically equivalent amino adds (see Table 1, below). 

TABLE 1 
Codon Table 



Amino Adds 


Codon« 


Alanine 


Ala 


A 


GCA 


GCC 


GCG 


GCU 






Cysteine 


Cys 


C 


UGC 


UGU 










Aspartic acid 


Asp 


D 


GAC 


GAU 










Glutamic acid 


Glxi 


E 


GAA 


GAG 










" Pheaiylalaiiine 


Phe 


F 


mc 


uua 










<jlyciae 


Gly 


G 


GGA 


GGC 


GGO 


GGU 






Hisddiue 


His 


H 


CAC 


CAU 








IsoleuciEe 
Lysine 


He 




AUA 


AUC 


ADU 








Lys 


K 


AAA 


AAG 










Leucine 


Leu 


L 


UUA 


UUG 


CUA 


cue 


CUG 


cuu 


Meduonine 


Met 


M 


AUG 












Aspai'agiae 


Asn 


N 


AAC 


AAU 










Prolme 


Pro 


P 


CCA 


ccc 


CCG 


ecu 






. Glutamiae 


Ghi 


Q 


CAA 


CAG 










Arginine 


Arg 


R 


AGA 


AGG 


CGA 


CGC 


CGG 


CGU 


Sorine 


Ser 


S 


AGC 


AGU 


UCA 


ucc 


UCG 


ucu 


Threonine 


Thr 


T 


ACA 


ACC 


AGG 


ACU 


Valine 


Val 


V 


GUA 


GUC 


GUG 








Tryptophan 


Trp 


W 


UGG 












Tjflrofidne 


Tyr 


Y 


UAC 


UAU 











It also will be understood that amino acid and nucleic add sequaicas may inclnde 
addition^ residuBS, such as additional N- or C-terrainal amino acids or 5' or 3' sequences, and yet 
atiU be ssentially as set forth in one of the sequences disclosed herein, so long as the sequence 
meets the cifteria set forth ahove, including the maintenance of biological protein activity where 
protein esqaression is concerned. The addition of teamioal sequences particularly applies to 
nucleic acid sequences that may, for example, include various uon-codiiig sequences flankjt^ g 
either of the 5' or 3' porHoos of the coding negioii or may include various internal sequences, ie., 
intixms, which axe known to occur within genes. 

The following is a discussion based upon changing of the amino acids of aprotein to create 
an equivalttst, or even an improved, second-generation molecule. For example, certain amino acids 
may be substituted for other amino adds in a protein structure witJiout ^preciabls loss of 
intaactive binding capacity with struotuieB such as, for esKampie, antigen-binding regions of 
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antibodies or brnding sites on snbstrate molecnles. Sinco it is the inteEactlve capacity and nature of a 
IudI^ that defines that piotein's biologic^ ftmcfianal activity, certain mmo add substitutions can 
be made in a protean sequence, and in its underlying DNA cwKng sequence, aad nevertheless 
produce a piotein with like piopealies. It is thus contemplated by ttie inveaitors tiiat vadovs changes 
may be made in the DNA sequences of genfis wiihouf appreciable loss of thar biological utility or 
activity, as discussed bdow. Table ] shams the codons that eaioode particular amino adds. 

jh making such dianges, the hydropathic index of amino acids may be comsideired. The 
importance of the hydropafhio amino add index in confenring interactive biologic iimctiou on a 
piroletE is generally understood in the art (Eyte and DooMe, 1982). It is accepted that the relative 
hydropathic character of the amino acid contributes to fee secondasy stroctuie of flie resultant 
protean, which in turn defines the interactian of Uie protein "wilii other molecules, for exaraplei, 
saizyiiies, substrates, receptors, DNA, antibodies, antigena, and the like. 

It also is understood in the art that the substitution of like amino acids can be made 
eSectively on the basis of hydtophilidty. U.S. Patent 4,554,101, incorporated herein by 
iefercnce, states that the greatest local average hydrophilicity of a protein, as governed by the 
hydtophilidty of its adjacent amino acids, correlates wilh a biolo^cal property of the protein. 
As detailed in U.S. Patent 4,554,101, the following hydropMIicity values have been assigned to 
amino acid residues: aiginine (-1-3.0); lysine (+3.0); aspartate (+3.0 ± 1); glutamate (-^3.0 i 1); 
serine (+0.3); asparagine (+0.2); glutamine (+0.2); glycine (0); threonine (-0.4); proline (-0.5 ± 
1); alanine (-0,5); histidine *-0.5): cysteine (-1.0); methionine (-1-3); valine (-1.5); leucine (-1.8); 
isoleucine (-1.8); tyrosine (-2.3);phenylala3±ic (-2,5); tryptophan (-3.4). 

It is understood that an amino add can be substimted for anoth^ having a similar 
hydtophilidty value and stiU produce a biologically equivalent and immunologicaily equivalent 
protein. In such changeSj the substitution of amino aciife whose hydrophilicily values are within 
±2 is preferred, those that are within ±1 areparticulHrly preferred, and those within ±0.5 are even 
more particularly preferred. 

As outliued above, atnitio add substitutions generally are based on the relative simiiaiity 
of ttie amino acid side -chain substituents, for example, their hydrophobicity, hydrophilicity, 
charge, size, and the like. Exemplary substitutions that take into consideration the various 
. foregoing characteristics are well known to those of skill in the art and include: argimne and 
lysine; glutamate and aspartate; serine and threonine; glutaminfi and asparagme; and vahne, 
leucine and isoleucine. 
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HI. NnddcAcidMoIecnks 

A. Polynncleotldra Encoding Native ProteiiB or Modified PrateiHS 

The present invention concerns poiymiclaotidiss, isolat^le ftom cells, lhat are capable of 
cfxpresslng all or part of a piotdn or polypeptide. In some esmfeodimoHls of the inv^ition, it 
concerns a viral genome that hss been specifically mutated to generate a virus that laisks certain 
fimctionai viral polypeptides. Tiie polyruideotides may encode a peptide or polypeptide 
contaming all or part of a viral amino asid sequence or they be engbaeeied so they do not mcode 
such a wal polypeptide or ajcode a vim! poiyp^tide having at least one function oi activity 
reduced, ditninislied, or absent Recombmant protons can be purified fiom expressing cells to 
yield active proteins. The genome, as weOi as the daEnition of the coding regions of Vaccinia 
Vims may be found in Rosel et al, 1986, Goei>Bl et al, 1990> and/or Genbank Accessioii 
Nnmber NC_00159, each of which is incorporated herein by laference. 

As Bsed herein, the team "DNA segment" refers to a DNA molecule that has been 
isolated ftee of total gsaoraic DNA of a particular species. Therefore, a DNA segment encoding 
a polypeptide refers to a DNA segment that contains wild-tj^e, polymorphic, or mutant 
poiypeptide-coding sequences yet is isolated away from, or purified free from, total mauHnalian 
or human genomic DNA. Included within the term "DNA segmenf are a polypeptide or 
poiypaptidea, DNA se^nente aoaaller than a polypeptide, and recombinant vectors, inchidiag, fi>r 
example, plasmids, cosmids, phage, vimses, and the like. 

As used in this sqsplication, the term **poxvirus polynucleotide" refers to a nucleic aoid 
molecule encoding a poxvirus polypeptide that has been isolated free of total genomic nucleic acid. 
Similarly, a "vaccinia virus polynucleotide" refers to a nucleic acid molecule encoding a 
vaccinia virus polypeptide that has been isolated free of total genomic nucldc acid. A "poxvnus 
genome" or a 'S^acciuia virus genome" refers to a nucleic acid molecule that can be provided to a 
hofst cell to yield a viral particle, in the presence or absence of a he^er vhus. The genome may 
or may have not been recombinaniiy mutated as compared to wild-type vims. 

The term "cDNA" is intended to lefesr to DNA prepared uang messenger ENA (mENA) as 
template. The advantage of using a cDNA, as opposed to genomic DNA or DNApoljOTterized from 
a genomic, non- or partially-proc^ed RNA template, is that the cDNA primarily contains coding 
sequences of the corresponding protein. There may be times when the full or partial genomic 
sequence is preferred, such as whrae the non-coding regions are required for c^timal ejcpression. or 
Tn^ere non-coding regions sutih as inhxma ate to be targeted in an antisaise strategy. 
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It abo is ccsitemplated tbat a{)alicular polypeptide &cm a given species maybe t^esented 

by misasi variants that lave sli^y diflfereait nucleic acid sequences noneihelessL, aticode the 
. sameptoteiii (ses Table 1 abcnre). 

Sisiilarly, a polytiuolecftide Gompiisiiig an isolated or purified -wiM-type or nuitant 
polypeptide gene refbis to a DNA segpisit including -wild-type or mntant polypeptide codJi^ 
sequences and, in certain aspects, regnktory sequences, isolated substantially away ftom other 
naturally occurring genes or protein encodiog sequences. In IMa r^eot, the term "gene" is used 
for simplicity to refer to a fimctiaaal protein, polypeptide, or peptide-aicoding unit (iiKluding 
any sequences required &r proper transcription, post-tranalattonal modification, or localizaSon). 
As "wiil be understood by those in the art, this functional term includes genomic sequences, 
cDNA sequences, and smaller eagineeared gene segments that express, or may be adf^ted to 
express, proteins, polypeptides, domains, peptides, iiision proteins, and mutants. A nucleic acid 
encoding all or part of a native or modified polypeptide may contain a contigaous nucleic acid 
sequence encQding all or a portion of sucb a polypeptide of the following lengflis: 10,20, 30, 40, 
50, 60, 70, SO, 90, 100, 110, 120, 130, 140, 150, 160, 170, 180, 190, 200, 210, 220, 230, 240, 
250, 260, 270, 280, 290, 300, 310, 320, 330, 340, 350, 360, 370, 380, 390, 400, 410, 420, 430, 
440, 441, 450, 460, 470, 480, 490, 500, 510, 520, 530, 540, 550, 560, 570, 580, 590, 600, 610, 
620, 630, 640, 650, 660, 670, 680, 690, 700, 710, 720, 730, 740, 750, 760, 770, 780, 790, 800, 
810, S20, 830, 840, 850, 860, 870, 880, 890, 900, 910, 920, 930, 940, 950, 960, 970, 980, 990, 
1000, 1010, 1020, 1030, 1040, 1050, 1060, 1070, 1080. 1090, 1095, 1100, 1500, 2000, 250O, 
3000, 3500, 4000, 4500, 5000, 5500, 6000, 6500, 7000, 7500, 8000, 9000, 10000, or more 
nucleotides, nucleosides, or base pairs. 

In particular embodiments, the invention concerns isolated DNA segments and 
recombinant vectors incojpoiating DNA sequences that encode a wild-iype or mutant poxvirus 
.polypeptide or peptide that includes vMAn its amino add sequence a contiguous amino acid 
sequence in accordance with, or essentially corresponding to a native polypeptide. Thus, an 
. isolated DNA segment or vector containing a DNA segment may encode, for example, a TNP 
modulator or TNF-modulating polypeptide that can inhibit or reduce TNF activity. The term 
'^combinaut" may be used in conjunction with a polypeptide or the name of a specific 
polypeptide, and fiiis generally refers to a polypeptide produced finm a nucleic acid moleenle 
tJiat has been manipulated in vitro or lliat is the replicated product of such a molecule. 

In other embodiments, the invention conceras isolated DNA segments and recombinant 
vectors incorporating DNA sequences that eacode a polypeptide or peptide that includes within 
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its amino acid sequence a contiguous amino actd segu^ce in accordance v/iSi, or essentially 
cotrresponiditig to the polji^eptidB. 

The nucleic acid segmeaits used in iiie present invention, regardless of the length of i3ie 
coding sequence itself, may be coixibined -with other nucldc acid sequences, such as promoteiB, 
polyadenylaticm signals, additional leGtridian enzyme sites, multiple cloniiig sites, other coding 
segments, and the like^ such that thdr overall length may vaiy considearably. It is therefore 
ooMeoiplated that a nucleic acid fm^erA. of almost any lengdi may be employad, with the total 
length preferably being limited by the ease of preparation and use in the intended recombinant 
UNA protocol. 

It is confetntplated that the nucleic add constmcts of the present inv^tion may encode 
full-length polypeptide firom any source or encode a truncated vearsian of the polypeptide, for 
exanqile a truncated vaccinia virus polypeptide, such that the transcript of the coding region 
represents the truncated version. The truncated transcript may then be translated into a truncated 
protekt Alternatively, a micleic acid sequence may encode a full-leagth polypeptide sequence 
with additional heterologous coding sequences, for example to allow for purification of the 
polypeptide, transport, secretion, post-tratisiational modification, or for therapeutic benefits such 
as targetting or cjBBicacy. As discu^ed above, a tag or other heterologous polypeptide may be 
added to the modified polypeptide-encading sequence, wherein "heterologous" lefei'S to a 
polypeptide that is not the same as the modified polypeptide. 

In a non-limiting example, one or more nucleic acid constructs may be prepared that 
include a contiguous stretch of nucleotides identical to or complementary to the a particular 
gene, such as the B18R gene. A nucleic acid construct may be at least 20, 30, 40, 50, 60, 70, 80, 
90, 100, 110, 120, 130, 140, 150, 160, 170, 180, 190, 200, 250, 300, 400, 500, 600, 700, 800, 
900, 1,000, 2,000, 3,000, 4,000, 5,000, 6,000, 7,000, 8,000, 9,000, 10,000, 15,000, 20,000, 
30,000, 50,000, 100,000, 250,000, 500,000, 750,000, to at least 1,000,000 nucleotides in length, 
as weU as constructs of greater size, up to and including chromosomal sizes (including aU 
intermediafB len^s and intamediate ranges), given the advent of nucleic acids constmcts such 
as a yeast artificial chromosome are Icnowji to those of ordinary skill in the art. It will be readily 
understood that "intermediate lengths" and "intermediate ranges," as used herein, means any 
length or range including or between the quoted values (te., all intogeis including and between 
■such values). 

The DNA segments used in the present invention encompass biologically functional 
equivabnt modified polypeptides and peptides, for escample, a modified getonin toxin. Such 

-38- 



wo 2004/014314 



PCT/DS2003/02S14I 



seijuaic^ may arise as a oonsetpiencs of codou xedmdancy sad fimctioDal equivalemcy that ane 
kuovm to occur naturally witStbi nncldc add sequences and Ihe protdss &i]3 encoded. 
Alternatively, fUnctilonally equivalent proteins or peptides may be tmated via the application of 
xecombdnaat DNA teclniology, in whicli cJianges in the piotdba structure may hs engineered, 
abased on coasideiations of the properties of flie amino acids being eKchanged. Changes desigoed 
by human may hs introduced Hirou^ flie apfplication of site-dicected mutagenesis techniques, 
e.g., to intoodnce improvements to the aoatigenicity of the protdai, to reduce toxicity effects of the 
pioteici in vivo to a subject given the protein, or to increase the efficacy of any treatment 
involviag fee protein. •■ 

In c^ain otha- embodim^ts, the Inveatioii concerns isolated DNA segm^ts and 
reoonrtHjaaat vectors that include within tiheir sequence a contiguous nucleic acid sequence from 
that shown in. sequences identified lierein (and/or incorporated by reference). Such sequences, 
howevtsr, may be mutated to yield a protein product whose activity is altered with respect to 
wiB-type. 

It also will be understood that this invention is not limited to the particular nucleic acid 
and amino acid sequences of these idexitified sequences. Recombinant vectors and isolated DNA 
segments may therefore variously include the poxvirus-coding regions themselves, coding 
regions bearing selected alterations or modifications in the basic coding region, or fhey may 
encode larger polypeptides that nevertheless include poxvims-coduig regions or may encode 
biologically functional equivalent proteins or peptides that have variant amino acids sequences. 

The DNA segments of the present invention encompass biologically functional 
equivalent poxvirus proteins and peptides. Such sequences may arise as a consequence of codon 
redundancy and functional equivalency that are known to occur naturally within micleic add 
sequejices and the proteins thus encoded. Altamatively, fimctionally equivalent proteins or 
peptides may be created via the application of recombinant DNA technology, in which changes 
in the protein structure may be ^gineered, based on considerations of the properties of the 
amino adds being exchanged. Chaiges desigaed by man may be introduced through the 
application of site-directed mutagoiesis techoiques, e,g., to introduce improvemeints to the 
. antigenicity of the protein. 

B. Mutagenesfis of Poscviriis Polynucieutides 

bi various embodimentSj the poxvirus polynucleotide may be alt^d or mutagenized. 
AlteratiojM or mutations may mdude insertions, del^ons, point mutations, inversions, and the 
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like and may Tssult in Hie modulation, activation and/or inaotivation of certain pafihways or 
molecidax mechanisaBis, as well as altsiag Uie fiinctiGin, locatioa, or exparesdoti of a geaie 
product, in partictjlar rendering a gcaie product non-fimctional. Where eacqployod, rmitagenesis of 
a polynucleotide encoding all or part of a Poxvirus may be accomplisihed by a variety of 
standard, mutageojc procedures (Sambrook et al., 1989). Motatian ia tJie process -wherdjy 
changes occur in the quantity or stmoture of an organism. Mutation can involve modi£oation of 
the nucleotide sequence of a single gesaB^ blocks of genes or whole ohromosome. Changes in 
single genes may be the conseqaence of point mutations Tidiich involve the remiyval, addition oi- 
substitution of a single nudeotide base witiiin a DNA sequence, or they may be the consequence 
of changes uwolving the insertion, or deletion of large numbers of nucleotides. 

idatations may be induced following exposure to chemical or physical inutageais. Such 
mutation-inducing agents include ionizing radiation, ultraviolet light and a diverse array of 
chemical such as allsylating agents and polycycKc aromatic hydrocarbons all of which are 
capable of interacting either directly or icdirecfly {generally following some metabolic 
biotransfomatioBs) with nucldo acids. "Hie DNA damage induced by such agents may kad to 
modifications of base sequence when the affected DNA is replicated or repaired and thus to a 
mutation. Mutation also can be site-directed through the use of pardcolar targeting methods. 

1. Random Mutagenesis 

• a) Inserfional Mutagenesis 
Insertional mutagaiesis is based on the inaotivation of a gene via insertion of a known 
DNA fiaginent. Because it involves the insertion of some type of DNA fiagmeut, the mutations 
generated are generally loss-of-function, rather than gatn-of-ftinction mutations. However, there 
are several examples of insertions generatiag gain-of-fimction mutations. Insertion mutagenesis 
has been veiy successfiil in bacteria and Drosophila (Cooiey et cd. 1988) and recently has 
beconifi a powerftd looj in com (Arabidopsis; (Marks st at, 1991; Koncz al 1990); and 
Aniitribinum (Sommea: ei al. 1990). Jhsertional mutagenesis may be accomplished using 
standard molecular biology techniques. 

b) Chemical mutagenesis 
Chemical mutageoesis offers certain advantages, such as the ability to find a Ml range of 
mutations with degrees of phenotypic severity, and is facile and inexpensive to perform. The 
m^ority of chemical carcmogens pmduce mutations in DNA. Benzo[a]pyrene, N-acetoxy-2- 
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acetyl aminofliiocene mud aflotaada Bl cause GC to TA fransversioDs in bactcda and mammalian 
cells. BeoEo[ajpyrexie also can pioduce base snbsdtatioiis sacTn as AT to TA, N-mtioso 
goHipomids produce GC to AT transitions. AJiyiation of the 04 position of thymine induced by 
ei!q»sqre to n-nitrosonieas results in TA to CG transitions. 

c) Radiation Mutagegaesis 

Biological molecules are degraded by ionizing radiation. Adsaxption of the incident 
encsrgy leads to the foimatioin of ions and free radicals, and breakage of some covalent bonds, 
Suscq)tibi!ity to radiation damage ajjpears quite variable betwesa molecules, and between 
different crystalline fbnns of the same molecule. It depends on the total accmnulated dose, and 
also ontittc dose rate (as once free radicals are present, the molecular damage they cause depends 
on their natural diffusion rate and thus upon real time). Damage is reduced and controlled by 
making the sample as cold as possible. Ionizing radiation causes DNA damage, generally 
proportional to the dose rate. 

In the present invention, the term "ionizing radiation" means radiation comprising 
particles or photons that have sufficient energy or can produce sufficient energy to produce 
ionization (gain or loss of electrons). An exanplary and preferred ionising radiation is an x- 
radiation. The amount of ionizir^ radiation needed in a given cell or for a particular molecule 
generally depends upon the natare of that cell or molecule and the nature of the mutation target. 
Means for detemuning an effective amount of radiation are well known in the art. 

d) In Vitro Scanning Mutagenesis 

Random mutagensis also may be introduced usmg error prone PGR. The rate of 
mutagenesis may be increased by performing PGR in multiple tubes with dilutions of templates. 

One particularly useM mutagenesis technique is alanine scanning mutagenesis in which 
a nnmber of residues are substituted individuaUy with the amino acid alanine so that the effects 
of losing side-chain inteiacdons can be determined, while mdnimizing the risk of large-scale 
perturbations in protein coooformation (Cunningham et aL, 1989). 

In vitro scanning saturation mutagenesis provides a r^d method for obtaining a large 
amount of stractme-function inforraation including: (i) identification of residues that modulate 
U^d binding ^ecificity, (ii) a belter understanding of ligand bindmg based on the 
idendfloalion of those amino adds that retain activity and those that abolish activity at a given 
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location, (ui) an valuation of the overall plasticity of an active site or t^txMd. snbdomain, (iv) 
ideotificatton of amino add substitutiodis that result in iiwareased binding, 

2. Site-Btrected Miitageiiesis 

Stmctuie-guided site-specdfic mutageafiesis rq)resBEits a pcwaful tool £>i fbe dissection 
aod eai^ee!ring of prrotedn-ligand inteiractions (Wells, 1996; Scaisted ef aL, 1996), The 
tecsbnique provides fixr Uie preparation and testing of sequence variants by introducing one or 
mote nucleotide sequence changes into a selected DNA. 

Site-sped&c mutagenesis uses specifiic oligonucleotide sequences whicb encode tbe DNA 
sequence of the deaied mutation, as well as a sufBcieat nmnber of adjacfflit, unmodified 
nucleotides. In this way, a primer Msqnenoe is provided witti sufBoieat size and ooraplesxity to 
form a stable duplex: on both sides of Hic deletion junction being traversed. A ptrimer of about 17 
to 25 nucleotides in len^ is preferred, with about 5 to 10 residues on both sides of the junction 
of tlie sequence being altaied. 

The technique typically employs a bacteriophage vector that exists in both a single- 
slranded and double-stranded fonn. Vectors useful in site-directed mutagenesis include vectors 
such as the M13 phage. These phage vectors are commercially available and their use is 
generally well known to those skilled in the art. Double-stranded plasmids are also routinely 
enq>loyed in site-directed mutageaiesis, which eliminates the step of transferring the gene of 
intffiBst from a phage to a plasmid. 

In general, one first obtains a single-stranded vector, or melts two strands of a double- 
stranded vector, which includes within its sequence a DNA sequence encoding the desired 
protein or genetic element. An oligonucleotide primer bearing the desired mutated sequence, 
syntheticaHy prepared, is then annealed with the single-stranded DNA preparation, taMng into 
account the degree of mismatch when selecting hybridization conditions. The hybridized 
product is aubjected to DNA polymerizing enzymes such as E. coii polymerase I (Klenow 
fiagtnent) in order to complete the synthesis of the mutation-bearing strand. Thus, a 
heteroduplcx is formed, wherein one strand encodes the origmal non-mutated sequence, and the 
second strand bears the desired mutation. Ttds heteroduplex vector is then used to transfbnn 
appropriate host cells, such as E. coli cells, and clones are selected that include recombinant 
vectors bearing the mutated sequence arrangement. 

Comprehensive information on the fimctional significance and mformation content of a 
given residue of protein can best be obtained by saturation mutagenesis in wMch all 19 amino 
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add substitutioits are exaoimed. The shortcoming of this sppmsck is that the logistics of 
multiiesidue satoratioanmita^iiesis are daundog (Warrrai al., 1996, Zeng e# ed., 1996; Bartcm 
and Barbas, 1994; Yedton ef al., 1995; Hilton et al, 1996). Hundreds, and possibly even 
thousands, of site specific mutants must be ^died. However, improved techniques make 
production and rapid screemng of mutants mvich more straightforwaid. See also, U.S. Patcaxts 
5,798,208 and 5,830,650, foac a description of "waik-tbrough" nrntagesnesis. Other methods of 
site-directed mutageaesis are disclosed in U.S. Patents 5,220,007; 5,284,760; 5,354,670; 
5,366,878; 5,389,514; 5,635,377; and 5,789,166. 

C. Vectors 

To generate mutations in the poxvirus genome, native Eind modified polypeptides may be 
encoded by a nucleic acid molecule comprised in a vector. The teim "vector" is used to refer to 
a earner nucleic acid molecule into which an exogenous nucleic acid sequence can be inserted 
for introduction into a cell where it can be replicated. A nucleic acid sequence can be 
"exogenous/' -wMcli means that it is foreign to the cell into •wbicli lie vector is beiug introduced 
or that the sequence is homologous to a sequence in the ceD. bo4 in a position within the host cell 
nucleic acid in which the sequence is ordinarily not found. Vectors include plastnids, cosmids, 
viruses (bacteriophage, animal viruses, and plaat viruses), and artificial chromosomes ie.g., 
YACs), One of sMll in the art would be well equipped to constract a vector through standard 
recombinant techniques, which are described in Sambrook et aL, (1989) and Ausubel ei al. 
1994, both incorporated herein by reference. In addition to encoding a modified polypeptide 
such as modified gelonin, a vector may encode non-modified polyp^tide sequences such as a 
tag or targetting molecule. Usefijl vectors encddiag such fusion proteins include pIN vectors 
(hiouye et al., 1985), vectors encoding a stretch of histidines, and pGEX vectors, for use in 
generating glutathione S-transferase (GST) soluble fliaon proteins for lat^ purification and 
sq)aration or cleavage. A targeting molecule is one that directs the modified polypeptide to a 
particular oigan, tissue, cell, or other location in a subject's body. 

The term "expression vector" refers to a vector containing a nucleic acid sequence coding 
for at least part of a gene product capable of being transcribed. In some cass, RNA molecules 
are tben translated into a protein, polypeptide, or peptide. In. other cases, Itoesc sequences are not 
hranslated^ for example, in the produotioB of antisense molecules or libozymes. Expression 
vectors can contain a variety of "control sequ^ces," which refer to nucleic acid sequences 
necessary for the transcription and poffidbly translation of an oparably linked coding sequence in 
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a particular host organism. Ih addition to control sequencra tat gpvfsm traiJ8ci::q)tion and 
translatioiij vectors and expressioji vectoas may oontaia nucleic acid seqaences that serve ofhsr 
fiinctions as well and are descaibed infra. 

1. Promoters and EDhancers 
A "promoter" is a control sequence that is a region of a nucleic add sequence at which 
iniliatiott and rate of traascription are controlled It may contain genetic denients at which 
regulatory proteins and molecules may bind such as UNA polymerase and other transcription 
factors. The phrases "operatively positioned/' "operatively linked," "under control," and "under 
transcriptional control" mean tijat a promoter is in a correct functional location and/or orientation 
in relation fo a nucleic acid sequence to control transcriptional initiation and/or expression of ttiat 
sequence. A promoter may or may not be used in conjunction with an "enhancer/' which refers 
to a cis-actmg regniatory sequesnce involved in the transcriptional activation of a nucleic acid 
sequence. 

A promoter may be one naturally associated with a gene or sequence, as may be obtained 
by isolatuig the 5' non-coding sequences located iqjstream of the coding segment and/or exon. 
Such a promoter can be referred to as "endogenous." Similarly, an enhancer may he one 
naturally associated with a nucleic acid sequence, located either downstream or upstream of that 
sequence. Alternatively, certain advantages will be gained by positioning the coding nucleic 
add segment imda: the control of a recombinant or heterologous promoter, which refers to a 
promoter Utiai is not normally associated with a nucleic acid sequence ia its natural esnvironment. 
A recombinant or heterologous enhancer refers also to an enhancer not normally associated with 
a mocldc acid sequence in its natural envhonment. Such promoters or enhancers may include 
promoters or enhancers of other genes, and promoters or enhanceis isolated from any other 
prokaryotic, viral, or eukaryotic cell, and promoters or enhancers not "naturally occurring/' i.e., 
containing different demsats of diaerant transcriptional regniatory regions, and/or mutations 
that alter expression, hj addition to producing nucleic add sequences of promoters and 
enhancas synthetically, sequences may be produced usmg recombinant cloning and/or nucldc 
add ampMcatimi tedmoiogy, induding ?CR™ m connection with the compositions disclosed 
herdu (see U.S. Patent 4,683,202, U.S. Pat^t 5,928,906, each incorporated herein by reference). 
FurfhKmoie, it is cantemplaied the control sequeiieiK that direct transcription and/or expression 
of sequences withm noairnudear arganelles such as mitochondiia, ddoioplasts, and the like, can 
beejjQployedaswell. 
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Naturally, it may be important to employ a promoter and/or enhaacer itst effectively 
directs the expression of the JMA segment in the cell type;, organelle, avd organism chosen for 
expressioiL Those of alcill in the art of mokcnlar biology generally kaow the use of promoters, 
enhancers, and cell type combimatiQnB for protein expression, fbr example, see Samtirook et al. 
.(1989), incoiporated herein by reference. The promoters employed may be constitutivo, tissue- 
specific, inducible, and/or useM mider the appropriate conditions to direct high level expression ■ 
:.of fee introduced DNA segment, such as is advantageous in the large-scale production of 
recombinant proleinB and/pr peptides. The promoter may be heterologous or endogenous. 

Table 2 lists several elements/promoters that may be sQiployc4 in the context of the 
present invention, to regolatc the ejcpression of a gene. This list is not mteaded to be ejdiaustive 
of all &e possible elements involved in the promotion of expression but, merely, to be exemplary 
.thereof. Table 3 provides examples of inducible elements, which are regions of a nucleic acid 
sequence that can be activated inrespoaisB to a specific stimulus. 



TAJSLE 2 
Promoter and/or Enhancer 


Promoter/Enhancer 


Rjeferemoes 


hnmunogjobulin Heavy Chain 


Baoerji al., 1983; GDles et al., 1983; Grosschedl et al., 
1985; Atchinson et al, 1986, 1987; Imler ei aL, 1987; 
Weinberger et al, 1984; Kiledjian et ai., 1988; Porton et 
al.; 1990 


linmonoglobulin Lighf Chain 


Queen et al, 1983; ^iaaietal., 1984 


T-Cell Receptor 


Lxma et al., 1987; Winoto et aL, 1989; Redondo e( al.; 
1990 


JELADQ a and/or DQp 


Sulhvanefa/., 1987 


P-InterfenMi 


Goodboum et al., 1986; Ifujita et al, 1987; Goodboum et 
al., 1988 


ihterleukin-2 


Greene erf a/., 1989 


Iuterleafcin-2 Receptor 


Greene al, 1989; lin et aL, 1990 


MHCClassns 


KxichetaL, 1989 


MHC Class nULA-DRa 


Sherman a/., 1989 


p-Actin 


Kawamoto et at, 1988; Ng e^ ij/.; 1989 


Muscle Creatine Kinase (MCK) 


Jaynes et al, 1988; Horlick et al, 1989; Johnson et al, 
1989 


Prealbumm (Trausthyretm) 


Costa effl/.. 1988 
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TABLE 2 


ftcauoter and/or EniflncCT 


Promoter/Eohancar 


Refisrraices 


HEastasel 


Omitz era?., 1987 


MetaUoiMonein (MTU) 


Karin et al., 1987; Cnlotta et al., 1989 


Collagenase 


Pmkert et al, 1987; Angd et al, 1987 


tern 


rjsssaei at., i^s/, zion£li6 w at., li'yu 








Bodine al., 19S7; Perez-Stable et al., 1990 


p-UlDDlU 


iiuuei etai., lyGi 


0-fOB 


CohsnetaL, 1987 


c-HA-jf'iis 


Triesman, 19«6; Deschamps e/a/., 1985 


Insu&u 


Edlund et al, 1985 


Neural Cell Adhesion Molecule 
(NCAM) 


Hii3he?c/., 1990 


ai-Antitrypain 


Latimer e/ff/., 1990 


H2B (TH2B) Histone 


Hwangeia/., 1990 


Mouse and/or Type I CoIlagiRii 


Ripeefa/., 1989 


Glucose-Regulated Proteins 
(GRP94and&RP78) 


Cniaaigefa/:, 19S9 


Rat Growth Homioiie 


Larson a/., 1986 


Humfln Seanin Amyloid A (SAA) 


Edbrookeeifl/.^1989 


TiopanmlCTNI) 


Yutzeyetal., 1989 


Plirtelet-Dsnvsd Growth Factor 


Pech iz/., 1989 


(PDGF) 




Ducheone Muscular Dj^traphy 


KIam^te^a^.,1990 


SV40 


Banerji iji, 1981; Moreaa et al, 1981; Sleigh et al, 
19B5; Firak al, 1986; Heir 1986; Tmbra et al, 
1986; Kadesch ei al, 1986; Wang et al, 1986; Ondek saf 
al, 1987; Kuht a/., 1987; Schafflicr et al, 1988 


Polyoma 


Swartzendruber et c£, 1975; Vasseur et al, 1980; Katiiika 
al., 1980, 1981; I'yndell ei dl., 1981; Daadolo era/.. 
1983; de Viliiers et al, 1984; Hen et al, 1986; Satake et 
al, 1988; Cauipliell al., 1988 
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TABLE 2 

Proinoteir and/or Enhanccar 


PromjteE/EiihfflQcer 


References 


lietroviriwes 


Krieglere/c/., 1982, 1983; Leviasonefa/., 1982; Kiiegler 
et al, 1983, 1984a, b, 1988; Boaze ei al^ 1986; Miksicek 
et al., 1986; Celander al., 1987; Tbiesen et al. 1988* 
Celander et oL, 1988; Choi et a/.,' 1988; Edsman et al] 
1989 


Fapinoma Vims 


Campo et al., 1983; Luslty et al., 1983; Spandidos and 
Willde, 1983; Spalholz et al, 1985; Lusky et al, 1986; 
Cripe et al., 1987; Gloss et al, 1987; Hirooliika et al, 
1987; Stephens a/., 1987 


Hepatitis B Vims 


Bulla et al, 19S6; Jameel et at., 1986; Shaul et al, 1987; 
Spaadau et al., 1988; Vannice et al, 1988 


Ehmiaii Inimunodeficienciy Virus 


Muesing et al, 1987; Hauber et al, 1988; Jakobovits et 
al., 1988; Feng etal, 1988; Takebe etal, 1988; Rosen et 
al., 1988;Berldioute^(!/., \9S9;'Lasg\&etal, 19B9; Sharp 
et al, 1989; Braddock et aLA9&9 


Cyiomegaiovinis (CavEV) 


Weber et al, 1984; Boshart et cd., 1985; Foeddng et al., 
1986 


Gibbon Ape Leukemia Vims 


Holbrook et al , 1987; (^limi et al, 1989 



TABLES 

Inducible Elements 


Element 


Inducer 


References 


MTH 


Phorbol Ester (TFA) 
Heavy instals 


Palmiter et al, 1982; Haslinger et 
al, 1985; Seaiie et al, 1985; 
Stuait et al, 1985; Imagawa et 
al, 1987, Karin a/., 19S7; 
Angel et al., 1987b; McNeall 
al, 1989 


MMTV (mouse xnammary 
tumor virus) 


Glucocojrticoids 


Huang 1981; Lee et al, 
1981; Majors et al, 1983; 
Chandler et al, 1983; Lee a/., 
1984; Ponta e^ a/., 1985; Sakai et 
al, 1988 


P-Interferon 


poly(rI)x 
poly(rc) 


TsiV&met etoL, 1983 


Adenovirus 5 E2 


ElA 


laiperide n/., 1984 


Collagenase 


Phoibol Ester (TPA) 


Ang&letal, 1987a 
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TAB1JE3 
hduciblB Elements 


Element 


Bidnccr 


Refereaces 


Stramslysk 


Photbol^tBrCTPA) 


Angel ef at, 1987b 


SV40 


Phorbol Ester (IP A) 


Aogci et dL, 1987b 


Mudns MX Gene 


Interferon, Newcastle 
Disease Virus 


Jibigetal., 1988 


GRP78 Gene 


A23187 


Resendez era/., 1988 


oc-2-Macrogiobulin 


IL-6 


Kuuzera/,, 1989 


Vimentin 


Serum 


Kittling erai, 1989 


MHC Class I Gene H-2Kb 


Interferon 


B]sam:etaL,i9B9 


HSP70 


E1A,SV40 Large T 
Antigai 


Tsyhxeted, 1989, 1990a, 1990b 


Proliferin 


Phorbol EsteivTPA 


Mordacqefc/., 1989 


Tumor Necrosis Factor 


PMA 


Bsasdetal., 1989 


Thyroid Stimulating 
Hormone a Gene 


Thyroid Honnoue 


ChattBrjeee?a/., 1989 



The identity of tissue-specific promotia's or elements, as well as as^nys to characterize 
dieir activity, is well ktwjwn to those of skill in the art. Exaoraples of such regions include flie 
human LIMK2 gme (Nomoto et al 19^). tiw somatostatin receptor 2 gene (Krwis et al, 1998), 
murine epididymal retrnoic acid-binxKng gens (Lareyre et aL, 1999), human CD4 (Zhao-Emonet 
ei aL, 1998), mouse alpha2 (XI) collagea (Tsumaki, et al, 1998), DIA dcpamine recerptor gesne 
(Leei, et al., 1997), insalin-Kke growth factor n (Wn et aL, 1997), human platelet endofihelial cell 
adhesion molecule-l (Almeadxo et al. 1996), and the SM22oi promoter. 

Also contmipkted as useful m the present invention ate the de(^-l and deotin-2 
promoters. Additional viral promoters, cellular promoters/enhancers and inducible 
promoters/enhancers ihat could be nsod in combination with the preseait invention are listed in 
Tables 2 and 3. Additionally any promoter/enhancer combination (as per the Eukaryotic 
Promoter Data Base EPDB) could also be used to drive expression of structural genes encoding 
oligosaccharide processing eraynies, protein folding accessory proteins, selectable marker 
proteins or a heterologous protein of intend Alternatively, a tissue-specific promoter for cancer 
gene therapy (Table 4} or the targeting of tumors (Table 5) may be employed with the nucleic 
add molecules of tbe present invention. 
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TABLE 4: 

Candidatfi Tissite-SDeclHc Promoters for Cancer Gene Therapy 



Tissue-specific promoter 


Caoncers in which promoter 
is active 


formal cells in which 
promoter is active 


Carcinoenibiyomc antigen 
(CEA)* 


Moat colorectal carcinomas; 
50% oflirng carcinoiuas; 40- 
50%.of gastnc carcmo]xi3Sj 
most.pancareatic carcinomas; 
many breast carcinomas 


Colonic mucosa; gastric 
mucosa; lung epimelia; 
ecciins sweat glands; cells in 
testes 


go Jat^specific antigen 


Ii/fost prostate osrcinom^ 


Prostate epithelium 


CVIP) 


IVIstjoxity of ]309i~3ni3ll cell 
limg cancers 


Neurons; lymphocytes; mast 
cells; eosittopMis 




Many lung adenocarcinomas 
cells 


Type n pneumocytes; Clara 


Iioniolog (hASE) 


Most small cell lung cancexs 


Neuroendocams cells in lung 


Maciit-1 (MUCl)** 


Most adenocaicinonias 
(originating fixim any tissue} 


Glandular epithelial cells in 
breast and in respiratory, 
gastrointestinal, and 
genitourinary Iracts 


Alplia.~fetopxoteiTi 


Most liepa.tocc]liilar 
carcinomas; possibly many 
testicular cancers 


Hepatocytes (unda: certain 
conditions); testis 


Albmaiii ~~~ — 


&lDst hepatocellular 
carcinomas 


_ — _ — _ 

rlepatocytes 


TjTOsinasB 


Moat melanomas 


Melanocjftes; asttocytes; 
Schwann cells; some neurons 


Tyrosine-bindinK txrotein 


M!ost melanomas 


Schwann cells; some neurons 


Keratia 14 


Presumably many squamous 
cell carcinomas (e.g. '. Head 
and neck cancess) 


Keratinooytes 


BlBVm.2 


Many sqiiamous cell 
carcinomas of head and neck 


Keialinocytes of upper 
digestive Keratinocytes of 
upper digestive tract 


GHal fibrillary acidic protein 
fGFAP) 


Many astrocytomas 


Astrocytes 


Myelin basic protein (MBP) 


Many gliomas 


Oligodendrocytes 


Testis-specdfic angioteaisin- 
converting GH2ym& (Testis- 
spedfic ACE) 


Possibly many testicular 
cancers 


Spermatazoa 


Osteocalcin 


Poaaiblv many osteosarcomas 


Osteoblasts 
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TABLES: 

Candidate Promoters forjjge vrith a Tissne-Specific Targeting of Tmaoys 



Promoter 1 Cancers in which Promoter 

1 is active 


Normal cells in which 
Promoter is active 


E2F-ref5alated promoter 


Almost all cancers 


Proliferating cells 


V HLA.-G 


Many colorectal caxcinomas; 
many melanomas; possibly 
many other cancers 


Lymphocytes; monocytes; 
spermatocytes; trophoblast 


Pa&L 


Mostmelanonias; many 
pancreatic carcmoma^ most 
astrocytomas possibly many 
ofiiercaiioExs 


Activated ledfcocytes: 
neurons; eadofhelial cells; 
keratinocytes; cells in 
immvmoprivileged tissues; 
some cdls in lungs, ovmes, 
liver, and prostate 


Myc-regulated promoter 


Most lung carcinomas (both 
small cell and non-small cell); 
most colorectal carcinomas 


Prolifeiatfaig cells (only some 
cell-lypes); mammary 
epithelial cells (including non- 
pioiifescating) 


MAGE-1 


Manymelaiiomas; isomenon- 
miall cell Inng carcinomas; 
some breast carcinomas 


Testis 


VEGEF 


70% of all cancers 
(constitutive overexpression in 
many cancers) 


Cells at sites of 
neovascidarization (butimlike 
in tumors, expression is 
transientj less strong, and 
never constitutive) 


bFGF 


Presumably many different 
cancers, since bFGF 
expression is induced by 
ischemic conditions 


Cells at sites of ischemia (but 
unlifce tumors, expression is 
transient less strojig, antl 
never oonstitative) 


COX-2 


Most colorectal carcinomas; 
many lung carcinomas; 
possibly many other cancere 


Cells at sites of in£ammalioai 


IL-10 


Most colorectal carcinomas; 
many irmg carcinomas; many 
squamous cell carcinomas of 
head and neck; possibly many 
other cancQTS 


Leukocytes 


GRP78/BiP 


Presumably many different 
cancers, since GIIP7S 
expression is induced by 
tumor-specific conditions 


Cells at sites of ishemia 


CarG dements fi-om Egr-1 


Indncad by ionizatioa. 
radiation, so conceivably most 
tmnors upon irradiation 


Cel^ exposed to ionizing 
radiation; leukocytes 
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2. InHiatioii Slgnaki and Internal Kibosome Binding Sites 

A specific iaitiaticai signal also may be required for efSdent translatioQ of coding 
sequences. These sigods iaclude Ihe ATG initiation cod<m or af^acent seq]^^ Exogsnous 
translational control signals, includiiig fbe ATG initiation oodon, may need to be provided. One 
of ordinary skill in the art would readily be enable of detenmning Qiis and providing the 
necessary signals, ft is well known that the initiation codon must be 'in-frame" with the reading 
j6ame of the desired coding sequence to ensure translartion of the entire insert The exogencnis 
translational control signals and initiation codons can be efliher natiual or sjaithetic. The 
efficiency of expression may be enhanced by the incteion of appnipiiate transcaritpticBa enhancer 
elements. 

hi certain embodimenls of the invention, the nse of internal ribosome eatty sites (IRES) 
elements are used to create mnltigene, or polycistronic, mcissages. IRES elements are able to 
bypass the ribosome scanmng model of 5'- mefliylated Cap dependent translation and begm 
translation at internal sites (Pelletier and Soceiberg, 1988). IRES elements &om two membeiB 
of the picomavrras family (polio and eneephalomyocarditis) have been described (Pelletier and 
Sonenberg, 1988), as well an JKES fiom a mammalian message (Macejak and Samow, 1991). 
IRES elements can be hnked to heterologous open reading frames. Multiple open reading 
fi-ames can be transcribed together, each separated by an IRES, creating polyciatronic mejssages. 
By virtue of the IRES element, each open readmg frame is accessible to ribosomes for ef6cient 
translation. Multiple genes can be efficiently expressed using a single promoter/enhancer to 
transcribe a smgle message (see U.S. Patent 5,925,565 and 5,935,819, herem incorporated by 
rHrfference). 

3. Multiple Cloning Sites 
Vectors can include a multiple clonmg site (MCS), which is a nucleic acid region that 
• contains multiple restriction enzyme sites, any of which can be used in conjunction with standard 
recombinant technology to digest the vector. (See Carbonelli ei* a/., 1999, Levenson a/., 1998, 
and Cocea, 1997, incorporated herein by reference.) "Restriction enzyme digestion" refers to 
catalytic cleavage of a nudeic acid molecule with an enzyme that functions only at speciHc 
locations in a nudeic add molecule. Many of these restriction enzymes are commercially 
available. Use of such enzymes is widely understood by those of skill in the art. Frequently, a 
vector is linearized or fiagmented using a restriction enzyme that cuts within the MCS to enable 
exogenous sequences to be ligated to the vector. "Ugation" refers to the process of forming 
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hfisphodiester bonds between two nucleic add fragtuaits, wMch may or may not be cnnfi^ons 
wUj each other. Techniques iavolvipg testriciion enzymes and ligation leactians are well loiown 
0 those of skill in the art of recombiiiaat technology. 

4 Splicing Sttes 

Most transcribed eukaryodc RNA molecdiles will nndergp KNA spliodng to remove 
introns fiom the primary transcripts. Vectors containing genomic eukaryotic seqaences may 
[eqdre <jonor and/or acceptor splicing sites to ensure pioper processing of ihe transcript foe 
protein eixpression. (See Chandter et dL , 1997> incorporated hei-ein by reference.) 

S. Teiminatlon S^nals 

The vectors or coostracts of the present incvention will generally comprise at least one 
termination signal. A "teouinalion sigial" or "terminator" is compised of the DNA sequences 
inTOlved in BpeciGc teamtnatiott of an RNA transcript by an BNA polymeaase. IImis, in certain 
einbo^eiQts a temunatloin signal that ends the prodnotion of an UNA transoipt is contetxiplated. 
A tenninator may be necessary in vivo to acbieve desirable message levels. 

Sa eukaryotic systems, the terminator region may also comprise specific DNA sequences 
iiiat permit site-specific cleavage of the new transcript so as to expose a polyadetiylation site. 
■ This signals a specialized endogenous polymerase to add a stretch of about 200 A residues 
(polyA) to the 3' end of tlie transcript. KNA molecules modified with this poIyA tail appear to 
mcie stable and are translated more efficiently. Thus, in other embodiments involving 
. enkatyotes, it is preferred that that terminator comprises a signal for the cleavage of the RNA, 
audit is more preferred that the terminator signal promotes polyadenylation of tiie message. The 
terminator and/or polyadenylalion site elements can serve to enhance msssage levels and/or to 
minimize read through fixma the cassette into other sequences. 

Temunators contemplated for use in the invention include any imown terminator of 
transcription described hereui or knoTWa to one of ordinary skiJl in the art, including but not 
limited to, for example, the termination sequences of genes, such as for example the bttvine 
growth hormone tenninator or viral termination sequences, such as for exanjple the SV40 
terminator. In certain embodiments, ftie termination signal may be a lack of transcribable or 
translatable sequence, sucb as due to a sequence truncatioii. 
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6. Polyadoaylation Sisals 

la expression, particularly eukatyotic ejqjression, one 'wiU typically incliyje a 
polyadaaylatioii signal to eSect proper polyadenylation of the traa&ciipt. The nature of the 
polyadfinylation signal is not believed to be crucial to the successM practice of the invention, 
and/or any such sequence may be employed. Preferred anbadinieats indude fee SV40 
polyadenylEriion signal and/or Hie bovine growfli hoimone polyadenylafion siBjafll, cofnvHiieat 
saA/oc known to iunction well in vaiions target cells. Polyadmylatiaa may increase the stability 
of the transcript or may Sicilitate cytoplasmic transpott. 

7. Or^^ of Ri^Scaiion 

In order to propagate a vectoi- in a host c&Q, it may contain one or more origins of 
implication sites (often texraed "ori")» which is a specific nucleic acid sequence at which 
replication is initiated. Alternatively an antonamonsly replicating sequence (ARS) can be 
eniployed if the host cell is yeast 

S. SelecMile and Screenable Markers 
In oextain anbodimeats of the iavention, cells containing a micleic acid constnjct of the 
present invention may be ideartified in vitro or in vivo by including a marker in 1h.e expression 
vector. Such markers would confer an identifiable change to the cell piamitting easy 
identification of cells containing the expression vector. Generally, a selectable marker is one 
that confers a property that allows for selection. A positive selectable marker is one in which the 
presence of the marker allows for its selection, while a negative selectable marker is one in 
which its presence prevente its selection. An example of a positive selectable marker is a drug 
resistance marlter. 

Usually the inclusion of a drug selection marker aids in the cloning and identification of 
transformants, for example, genes that confer resistance to neomycin, puromycin, hygromycin, 
DHFR, GPT, zeodn and histidinol are useful selectable markers. In addition to markers 
conferring a phenotype that allows for the discrimination of Irausforraants based on the 
implementation of conditions, other types of markers including screenable markers such as GFP, 
whose basis is colorimetric analysis, are also contetnplated. Alternatively, screenable aizymes 
such as herpes simplex vims thymidine kinase (tk) or chloramphenicol acetyltransferase (CAT) 
may be utilized. One of skill in the art would also know how to employ immunologic markers, 
possibly iu conjunction with FACS analysis. The marker used is not believed to be in^iortant, so 
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long as it is capable of being expressed simultaneoualy with the nucleic add ooooding a gem 
product. Filler exaniples of selectable aM screeqable niaiksrs are well known to one of skill in 
the art. 

D. Host Cells 

As used her^ the terms "cell," "ceH line," and "cell cultiire" may be used 
iaterchsngeably. AQ of these teems also indude their progenyj vMch. is any and all sobsequeait 
generatiQnfl. It is understood that all progeny may not be identical due to deliberate or 
inadvertent mutatirais. In the context of expressing a heterologous nucleic acid sequence, "host 
cell" refers to a prokaiyotic or enkaiyotic cell, and it includes any tcansfoimable organisms that 
is capable of replicating a vector and/or esxpressing a heterologous gene encoded by a vector. A 
boat cell can, and has been, used as a recipient for vectojs or viruses (which does not qualify as a 
vector if it expresses no exogenous polypeptides). A host cell may be "transfected" or 
''transfbrmed," which tesSms to a process by which exogaious nucleic add, such as a modified 
protein-ejacoding sequence, is tranaferred or introduced into the host cell. A fRoisfonned cell 
indndes the primary subject cell and its progeny. 

Host ceUs may be derived from pi'olcm^nates or eukaryotes, including yeast ceUs, ins^^ 
cells, and mammalian cells, depending upon wheflier the desired result is replication of the 
vector or expression of part or all of the vector-encoded nucleic acid sequences. Numerous ceU 
lines and cultures are available for use as a host cell, and they can be obteined through the 
Amaicaa Type Culture Collection (ATCC), which is an organization that serves as an archive 
for living cultures and geaetic materials (www.trtcc.org). An appropriate host can be detennined 
by one of skiU in the art based on the vector backbone and the desired result. A plasmid or 
cosmid, for example, can be introduced into a prokaryote host cell for rephcation of many 
vectors. Bacterial cells used as host cells for vector replication and^or expression include DHSot, 
JM109, and KC8, as well as a number of commercially available bacterial hosts such as SURE'^ 
Competent Cells and SOLOPACK™ Gold Cells (Strataobne®, La Jolla, CA). Alternatively, 
iMcterial cells such as E. colt LE392 could be used as host cells for phage vmises. Appropriate 
yeast, cells mdbideSacckaromyces cerevisiae, Saccharomyces pombe., mdPichia pastor is. 

Examples of eukaryotic host cells for replication and/or expression of a vector include 
HeLa, NIH3T3, Jurkat, 293, Cos, CHO, Saos, and PC12. Many host cells &om various cell 
types and organisms are available and would be known to one of skill in the art. Similarly, a 
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viral vector may be used in. codtjunctkni with eithsc a eukatyodc er piokatyotic host cell, 
pariicailariy oae tiiat is pcacniissive fer replication or exprsssioa of l!3fi vector. 

Some vectors may employ conftol sequences ftat allow it to be replicated and/or 
. EKpressed in both prokaiyotio and enkatyotic cells. One of skill in the art would further 
understand the conditions mukr wbich to incabate all of fhe above described host cells Id 
maiutaju them and to pamit leptication of a vector. Also ondeistood aad loiowii are techniques 
and conditioiis that would allow large-ecale pioductitm of vectors^ as well as piodoctioa of the 
nucleic acids eiucoded by vectors and their collate polypeptides, piotdns, or peptides. 

E, Expression Sj^tems 

Ninnerous esqprBssian syatema exist tliat comprise at least a part or all of the con^ositions 
discussed above. Piokaiyoti&- and/oar eufcaiyote-based systems can be enaployed for use with the 
present inventicm to produce nudeio aoid seqaenoBS, or tfaeir cognate polypeptides, proteins and 
peptides. Many such systems are oomm^xjially and widely available. 

The insect cell/bacidovirus system can. produce a bi^ level of protein expression of a 
ieterologous nucleic acid segment, such, as described in U.S. Patent No. 5,871^986, 4,879,236, 
both herein incorporated by reference, and wjiich can be bou^t, for example, under the name 
MaxBac® 2.0 ftom iNvriROGEN® and BacPack™ Baculovirus ExpREssaoN System From 
Clontech®. 

Ih addition to the disclosed expression systems of the invention, other examples of 
expression systems include Stratagbne®'s Complete CONTROL^*' Inducible Mamraahan 
Expression System, which involves a synthetic ecdysone-inducible receptor, or its pET 
ISxpression System, an E. coli expr^aion system. Another esample of an inducible expression 
system is available fiom lNVTrROGa<®, which carries tlie T-RBX™ (tetracycline-regulated 
expression) System, an inducible mammalian expression system that uses the full-length CMV 
promoter. InvterOgbn® also provides a yeast expression system called the Fidna methanolica 
Bxprrasion System, which is designed for high-levej production of recombinant proteins in the 
methylohophic ye^st Pichia methanolica. Que of skiH in tlie art would know how to express a 
vector, such as an expression oonstnict, to produce a nucleic acid sequence or its cognate 
■polypep*ide, protein, or peptide. 
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F. Nuclac Acid D^eotian 

Ih addition to Iheir use in diiecting Ihe expression of poxvirus protdna, polj^eptides 
and/oET peptides, tiie noolaie acid sequences disclosed herein hsvG a variety of other uses. For 
example, they hiave utiKty as probes or primers for enfljodimenta involving nucleic acid 
hybridi?atwii. They may be used in diagaoistic or screeoing methods of ihe pieflent invention. 
Detecdon of nucleic acitfe encoding poxviros or pfficvirus polypeptide modulators are 
encompassed by the invention. 

1. HybHdizattom 

The use of a probe or primca- of between 13 and 1 00 nucleotides, preferably between 17 and 
100 nudfiotides in kagSi, or in some aspects of the invention iip to 1-2 kilobjisea or more in lengfli, 
alloWB the fiamation of a duplex molecule fliti is both stable and selective. Molecules having 
complementary sequences over contignocis stretches greater than 20 bases in length are generally 
pireferred, to increase stability and/or selectivity of ths hybrid molecules obtained. One will 
generally prefer to design nucleic acid molecules for hybridizatiOTi having one or more 
comgplcmeaitary sequences of 20 to 30 nucleotide, or even longer where desired. Such fi-agtnenis 
maybe readily prepared, for eisample, by directly synthesizing line fragment by chemical means or 
by introducing selected soquences into reoombioanf vectors for recombinant production. 

Accordingly, the nucleotide sequences of the invention may be used for their ability to 
selectively form duplex molecules with complemeiLtary stretches of DNAs and/or RNAs or to 
provide prmietB for amplification of DNA or KNA from samples; Depending on the ^plication 
envisioned^ one would desire to employ varying conditions of hyhridizadon to achieve varying 
degrees of selectivity of the probe or primers for the target sequence. 

For applications requiring high selectivity, one will typically desire to employ relatively 
high stringency conditions to form Gie hybiids. For example, relatively low salt and/or high 
temperature conditions, such as provided by about 0.02 M to about 0.10 M NaCi at teraperatures of 
about 50°C to about 70°C. Such high stringency concfitions tolerate little, if any, mismatch between 
the probe or piimeis and the template or tai^ strand and would be particularly suitable for isolating 
specific genes or for detecting specific mRNA transcripts. It is generally appreciated that conditions 
can be rendered more stringent by &e addition of increasing amounts of £>nnan3ide. 

For certain applications, for example, site-directed mutagenesis, it is appreciated that lower 
shingency conditions are prefestred. Under these conditions, hybridization may occur even though 
Hie sequences of tiae hybridizing strands are not perfectly complanentary, but are mismatched at 
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one or more positiDBs. CooditiDi^ may be tmdoted less stringent by mcareaMiig salt coocentmlioii 
and/cr dealing tsmpoiatuipe; For wmspls, a jnediunj stmig^cy conditian could be provided by 
about 0.1 to 0,25 M NaCl at temperatores of about 37X to about SS'C, whfle a low stdngKicy 
oandMon could be provided by f*out 0.15 M to about 0.? M salti at tescperatutBs tanging fix>m 
about 20°C to about 5S°C. Hybridizaiioii conditions can be readily manip»Iated depeaiding on Has 
dfisirod results. 

la other embodiments, hybridateation may be adaev^ under conditions o£, for exantploi, 
50 mM •nifr-HCl fttH 83% 75 mM KCl, 3 mM MgCia, 1.0 mM ditidoflncitol, at tsmperatoes 
between Epproximately 2Q°C to about 37°C. Other hybridization conditions utilized could include 
^prcHdmately 10 mM Tris-HQ (pB. 8.3), 50 mM ICCl, 1.5 mM MgCb, at temperatures ranging 
flom approximately 40°C to about 72°C, 

In ce^ain embodimeajts, it will be advantageous to employ nucleic acids of defined 
seqnences of the preseit inventioii in combination, ^th m apporcpdate means, sucii as a label, for 
dctemiioing Irybiidization. A wide variety of appropriate indicator means are known in the art, 
including flnoiBSceait, radtoactive, eajzgsnatic or other ligands, such as avidin/biotin, which are 
capable of bebg detected, hi preferi-ed embodinients, one may desire to employ a flnoreajocit label 
or an enzyme tag such as urease, atkatine phosphatase or peroxidase, instead of ladjoactive or other 
environmentally undesirable reagents, hi the case of enzyme tags, colorimebic indicator substrates 
are known that can be eanjdoyed to provide a detection means that is visibly or 
spectrophotometncally detectable, to identify specific hybridization ivifh connplemeEitary nucleic 
acid containing samples. 

la general, it is envisioned that Ihe probes or primers described herein will be useful as 
reagents in solution hybridization, as in PGR™, for detection of expression of corresponding 
genes, as well as in embodiments employing a solid phase, la embodiments involving a sohd 
phase, the test DNA (or RNA) is adsorbed or otherwise affixed to a selected matrix or surface. 
This fixed, single-stranded nucleic acid is then subjected to hybridi2ation with selected probes 
under desired conditions. The conditions selected will depend on the particular circumstances 
(depending, for example, on the Q+C content, type of target nucMc acid, source of nucleic acid, 
•;:size of hybridization probe, etc.), Optirnization of hybridization conditions for the particular 
application of interest is well known to those of sidll in the art. After washing of the hybridized 
■.molecules to remove non-speoificaliy bound probe molecules, hybridization is detected, and/or 
quantified, by determining the amount of bound label. Representative soHd phase hybridization 
methods are disclosed in U.S. I'atents 5,843,663, 5,900,481 and 5,919,626. Other methods of 
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h3^di2^0D that may be used in the praotioe of Ihc present inveaiti(m are dificlosed in U.S. 
Patents 5,849,4S1, 5,849,486 and 5,851,772, The relevant portions of these and other references 
ideailified in this section of the SpecificailioiL are incotporated herein by leference. 

2. AmpUffeation of Nucleic Aeids 

Nucleic acids used as a temrplate for amplification may be iscSafed fcom. cells, tissues or 
other sairtples according to standard methodologies (Sambrook et ol.^ 19S9). In certain 
embodiments, analysis is pecfbiined on whole cell or tissue bomogenates or biological fiuid 
samples without substantial purification of the template nucleic aci4 The nucleic acid may be 
genomic DNA or fractionated or whole cell UNA. Whare ENA is used, ft may be desired to first 
convert the KNA to a complementoiy DNA. 

The teon "primer," as used herein, is meant to encompass any mtcldc add that is capable 
of priming the synthesis of a nascent nucleic acid hi a t^nplarte-dependeaat process. Typically, 
^primers are oJigonucleotides fcwa. ten to t(?enty and/or thirty base pairs in length, but longer 
sequences can be employed. Primers may be provided in double-steanded and/or single-stranded 
fomi, although the single-stranded foim is preferred. 

Pairs of primers designed to selectively hybridize to nucleic acids corresponding to 
sequeaces of genes identified horein are contacted with the template nucleic acid under 
conditionj? that permit selective hybridization. Depending iipon the desired application, high 
stringency hybridizatioii conditions may be selected that will only allow hybridization to 
sequences that ai-e completely complementary to the primers. In other embodiments, 
hybridization may occur under reduced stringency to allow for amplification of nucleic acids 
contain one or more mismatches with the primer sequences. Once hybridized, the template- 
primer complex is contacted with one or more enzymes that facilitate template-dependent 
nucleic acid synthesis. Multiple rounds of amplification, also referred to as "cycles," are 
coadacted until a snfScient amount of amplification product is produced. 

The amplification product may be detected or quantified. In certain applications, the 
detection may be performed by visual means. Alternatively, the detection may involve indirect 
identiiication of the product via dbemiluminescence, radioactive soinligrE^jhy of incorporated 
radiolabel or fluoiescent labeJ or e\'en via a system using electrical and/or thennal impulse 
signals (Bellus, 1994). 

A number of template depmdent processes are available to amplify the oligonucleotide 
sequences present in a given template sample. One of the best ktmwn amplification methods is tiie 
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vcAvBXSSBSS chain teactiiOD (tested to as PCB.™) whicli is dsaibed in detail in U^. Patents 
4,683,195, 4,683,202 and 4,800,15?, ami in Banis et al., 19S8, each of wMch is incorporated herein 
■byredfcrenoe in their entirety. 

A reverse transcaiptase PCE?* amplificatioii procedure may be prafonned to quantify the 
HCttiOUQt of mBNA. aniplified. Mefliods of reverse transcribing RNA into cDNA are well Itnown (see 
Sanibrook et al, 1989). Alternative meliiods for reverse traoscripticHi utilize thermostable DNA 
polymerases. These methods are descdbed in "WO 90/07641. Poljanetase chain reaction 
methodologies are well laiown in the art Repcresentaiive meBiods of RT-PCR are descaibed in US. 
Patent 5,882,864. 

. Another method for amplification is ligase chain reaction ("LCR"). disclosed in European 
Ai^lication No. 320 308, incorporated herdn by reference in its aitirety. U.S. Patent 4,883,750 
describes a method similar to LCR for binding probe pairs to a target sequence. A method based on 
PCR™ and oligonucleotide ligase assy (OLA), disclosed in U.S. Patent 5,912,148, may also be 
used. 

Alternative methods for ampMcaiion of taj^et nucleic acid sequences that may be used in 
tbe practice of the present inveailion are disclosed in U-S- Patents 5,843,650, 5,846,709, 5,846,783, 
5,849,546, 5,849,497, 5,849,547, 5,858,652, 5,866;366, '5,916,776, 5,922,574, 5,928,905, 
5,928,906, 5,932,451, 5,935,825, 5,939,291 and 5,942,391, GB Application No. 2 202 328, and in 
PCT Applicatacn No. PCT/US89/01025, eadh of which is incoiporated herein by reference in its 
enJiteiy. 

Qbeta Replicase, described in PCT Application No. PCT/U587/00880, may also be used as 
an ampJification method in the present invention. In this method, a repHcafive sequence of UNA 
that has a legion complemeataay to that of a tai^t is added to a saoiple in the presence of an KKA 
poiymsase. The polymeirase will copy the neplicative aequeiffie which may then be detected 

An isofhamal amplification method, in which restriction endonucleases and ligases are used 
to achieve the amplification of target molecules that contain nucleotide 5'-[a^plia-thio]-triphosphales 
in one strand of a lestnction site may also be useful in the amplification of nucleic acids in the 
present invcHtion (WtSkssc et al, 1^). Strand Displacement Ainplification (SDA), disclosed m 
U.S. Patent 5^16,779, is another method of canying out isothemiEii arapHficatian of nucleic acitte 
which itivolvcs multiple rounds of strand displacement and synthesis, i.e., nick translation. 

Other nucleic add amplification procedmeB include transcription-based amplificatiQa 
. systems (TAS), including mideic add sequence based anqdificatian (NASBA) and 3SR (iCwoh et 
al., 1989; PCX Applicatiaa WO 88/10315, incorporated hereaa by referaice in Qwdr raitirely). 
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BuFopean Applicatioa No. 329 822 disdose a nuddc add ampMcatum piocess involving 
cyclicaiiy syotbesising sin^e-stranded ENA C'ssRNA'O, ssDNA, and dorftilc-steaiMfed DNA 
(daDNA), viMch. may be used in accordance wilii fhe present invenfiati. 

per AjJpKcatioQ WO 89/05700 (inoorpcsrated herdnby leferaice in its entirety) disdose a 
nuddc add sequ^ice atnplificadon scheme based on &e bybridizaiioa of a promoter region/^iimer 
sequence to a targd single-stranded JMA CssDNA") followed by transcriptiort of mimy RNA 
copies of the sequence. This scheme is not cyclic, i.e., new tenoplatra are not produced &om 
residtaHt RNA transcripts. Otiier amplification methods mdnda "RACE" and "one-sided PGR'* 
(Frohmao, 1990; Ohara etal, 1989). 

3. Detection Of Nucleic Acids 

Following any ampMcaidon, it may be d^irable to separate the amplification product 
from the template and/or the excess primer. In one enibodimettt, amplification products are 
separated by agarose, agarose-aciylamide or polyacrylamide gel decft-ophoresis usmg standard 
methods (Sambrook et al, 1989). Separated amplification products may be cut ont and eluted 
fi:om the gel for fuifiier manipiilation Using low melting point agarose gels, the separated band 
may be removed by heating the gel, followed by eidxaction of the nucleic acid. 

Separation of nucleic adds may also be effected by ohromatopaphic techniques known 
in art. There are many kinds of chromatography which may be used in fhe practice of the presexit 
invention, including adsotptlon, partition, ion-exdiange, hydroxylapatite, molecular sieve, 
reverse-phase, column, paper, thin-layer, and gas chromatogrstphy as well as HPLC, 

hi certain tanbodiments, the amplification products are visualized. A typical 
visuahzation method involve stammg of a gel with efhidium bromide and visualization of bauds 
iMidesr UV light Alternatively, if the atnpMcation products are integrally labeled with radio- or 
fluorometrically-Iabeled nucleotides, ihe separated amplification products can be exposed to x- 
xay film or visualized undear the appropriate excitatory spectra. 

In one Bmbodiment, following separation of amplification products, a labded nuddc 
add probe is brought into contact wilii Uie amplified markei sequflace. The probe preferably is 
conjugated to a chromophore but may be ladioldjeled. Li another embodiment, the probe is 
conjugated to a binding partner, such as an antibody or biotin, or aaother binding partner 
carrying a detectable moiety. 

In particular embodimesits, detection is by Southern blotting and hybridization wi& a 
l^eled probe. The techniques involved in Sou&Qii blotlii^ are well known to those of skill in 
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the art (see Sambrook s( ail» 1989). One example of the fbr^oiog is described in. U.S. Patent 
5;179,721, incoiporated by refeatence herein, which discloses an sppsiatas and mefliod &r flie 
automalsd electrophoresis and transfer of nnoleic acids. The apparatus permits electrophoresis 
and blotting without estental manipulation of the gel and is ideally suited to carrying out 
'methods according to die present invention. 

CHiier methods of micldo acid detection that may be used in die practice of the instant 
invention are disclosed in U.S. Patents 5,840*873, 5,843,640, 5,843,651, 5,846,708, 5,845,717, 
5,846,726, 5,846,729. 5.849,487, 5,853,990, 5,853,992. 5,853.993, 5,856,092, 5,861,244, 
5,863,732, 5,863,753, 5,866,331. 5,905,024, 5,910,407, 5,912,124, 5,912,145, 5,919,630, 
5,925,517, 5,928,862, 5,928,869, 5,929,227, 5,932,413 and 5,935,791, each of which is 
mcorpoiated herein by refer^ce. 

4. Other AssiTj/s 

Other methods for genetic screening may be used within the scope of the present 
invention, jfor example, to detect mutations in. genomic DNA, cDNA and/or RNA samples. 
Methods lacd to detect point mutations include denatming gradient gel electrophoresis 
C'DGGE"), restriction fragment length polymorphism analysis ("RFLP'% chemical or enzymatic 
cleavage methods, dbrect sequencing of target tenons amplified by PGR™ (see above), single- 
strand conformation polymorphism, analysis ("SSCP") and other methods well known in die art 

One method of screening for point mutations is based on RNase cleavage of base pair 
mismatches in i?NA/DNA or RNA/RNA heteroduplexes. As used herem, the term "mismatch" 
is defined as a region of one or more impaired or mispjdred nucleotides in a double-stranded 
RNA/RNA, RNA/DNA or DNA/DNA molecule. This definition Utas includes mismatdies due 
to insertion/deletion mutations, as well as single or multiple base point mutations. 

U.S. Patent 4,946,773 describes an RNase A mismatch cleavage assay that involves 
annealing single-stranded DNA or RNA test samples to an RNA probe, and subsequent 
treatment of the nucleic acid duplexes with KNase A. For the detection of mismatches, the 
single-stranded products of the RNase A treatment, electrophoretically sepai-ated atcordiug to 
size, are compared to samilariy treated control duplexes. Samples containing smaller hragments 
(deavage products) not seen in the control duplex are scored as positive. 

Other investigators have described the use of RNase I in mismatch assays. The use of 
RNase I for mismatch detection is described in literature j&om Promega Biotech. Prormega 
markets a kit containing RNase I that is reported to cleave three out of four loiown mismatches. 
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OtheiB have described iising Ihe iVfatS proten or other DNA-repair eozymsz for detecticm of 
singje-base raasmatohcs. 

AltBmative methods for detection of deletion, insertiraa or substitution imitations that may 
be used in the practice of the pr^mt mveration are disclosed in US. Patents 5^49,483, 
3,851,770, 5,866,337, 5,925,525 and 5,928,870, each of whicli is incoiporated herein by 
lefeencB in its entirety. 

G. Methods of Gene Transfer 

Sxrits&le me&ods for nucleic acid deHvefy to efBsct ejcpression of compositioiis of the 
present invention are believed to include virtually any raettiod by which a nucleic acid (e.g., 
DNA, including viral and nonviral vectors) can be introduced into an organelle, a cell, a tissue or 
an organism, as described herein or as would be IcnowQ to one of ordinary skill in the art. Such 
methods include, but are not limited to, direct delivery of DNA such as by injection (U.S. Patents 
5,^94,624, 5,981^74, 5,945,100, 5,780,448, 5,736,524, 5,702,932. 5,636,610, 5,589,466 and 
5,580,859, each incorpca'ated heron by referaice), including microinjection (Harlan saA 
Weintcaub, 1985; U.S. Patent 5,789,215, incorporated herein by refereace); by elecfroporation 
(U.S. Patent No. 5,384,253, incorporated herein, by reference); by calcium phosphate 
precipitation (Graham and Van Der Eb, 1973; Chen and Okayama, 1987; Kippe ei al, 1990); by 
using DEAE-dextran followed by polyethylene glycol (Gopal, 1985); by direct sonic loading 
(Fecihamer et at, 1987); by liposome mediated transfection (Nicolau and Sene, 1982; Fialey 
al, 1979; Kicolane^ al, 1987; Woug eif al. 1980; Kanedae? al, 1989; KsXaet al., 1991); by 
micropxojectile bombardment (PCT Application Nos. WO 94/09699 and 95/06128; U.S. Patente 
5,610,042; 5,322,783 5,563,055, 5,550,318, 5,538,877 and 5,538,880, and each incorporated 
herein by reference); by agitation with silicon carbide fibers (Kaeppler et al., 1990; U.S. Patents 
5,302,523 and 5,464,765, each incorporated herein by reference); by Agrobactsrimn-mtAisisA 
transformation (U.S. Patents 5,591,616 and 5,563,055, each incorporated herein by reference); or 
by PEG-mediated transfonnation of protoplasts (Omirulleh al. 1993; U.S. Patents 4,684,611 
and 4,952,500, each incorporated herein by reference); by desiccation/inhibition-mediated DNA 
i5)take (Potryfcus et al, 1985). Through ft.e application of techni^es swh as these, oiganelle(s), 
cell(sX tissufi(s) or <«gamsm(s) my be stably or traiisieutly transfer 
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H. Lipid Components md Moieties 

In oertaitt embodimeaats, Cbe present invention cancems compositions conqjiising one or 
more Kpids associated with a nucldc acid, an amino acid molecule, such as a peptidei, or anofbter 
small molecule compound. In my of the embodiments discusBed herein, the molecule may be 
either a poxvirus polypeptide or a poxvirus polypeptide modalatoi;, for example a nucleic acid 
encoding all or part of either a poxviras pofypeptide, cwr aJtematively, an amino add molecule 
encodiag all or part of poxvirus polypeptide modulator. A lipid is a anbstaaice HiiA is 
characteristically insoluble in water and extraclable with an organic solvent Con^mds than 
those aperafically described herein ate undeistood by one of skill in ths art as lipids, and are 
mcompassedby the composations and methods of the present invention. A lipid conqjonent and 
a non-lipid maybe attached to one another, either covalently or non-covalently, 

A lipid may be naturally occmring or synthetic (i.e., designed or produced by man). 
Hofweva:, a lipid is iKaially a biological substance. Biological lipids are wall known in the art, 
and include for example^ neutral fets, phospholipids, phosphoglyoeddes, stesraads, ferpeixes, 
lyso]q)ids, glycosphmgolipids, glucolipids, su^fcatides, lipids with either and esfer-iinked fetty 
acids and polymerizable lipids, and comhinations -fliereof 

A nudeic add molecule or amino add molecule, such as a pqptide, associated with a 
lipid may be dispersed in a solution containing a lipid, dissolved Ydth a lipid, emulsified witti a 
lipid, mixed with a Kpid, combined with a lipid, covalently bonded to a lipid, contained as a 
suspension in a lipid or otherwise asooiated with a lipid. A lipid or lipid/^oxvirus-associated 
composition of the present invention is not lunited to any particular structure- For example, they 
may also simply be interspersed in a solution, possibly forming aggregates which are not 
mrifoim in either size or shape. In aaother example;, Ihey may be present in a bilajrer stmcture, 
as miceUes, or with a "collapsed" structure. In another non-limiting example, a 
lipoiectamine(Gibco BRL>poKvirus or Supcafcct (Qiagen)-porvirus complex is also 
contemplalBd. 

In certain embodiments, a lipid composition may comprise about 1%, about 2%, about 
3%, about 4% about 5%, about 6%, about 7%, about 8%, abont 9%, about 10%, about 11%, 
about 12%, about 13%, about 14%. about 15%, about 16%> about 17%, about 18%, about 19%, 
about 20%, about 21%, about 22%, about 23%^ about 24%, about 25%, about 26%, about 27%, 
about 28%, about 29%, about 30%, about 31%, about 32%, about 33%, about 34%, about 35%, 
abont 36%, about 37%, about 38%, abont 39%, about 40%, about 41%, about 42%, about 43%, 
about 44%. about 45%, about 46%, about 47%^ about 48%, about 49%, about 50%, about 51%, 
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abont 52%, about 53%, about 54%, about 55%, about 56%, about 57%, about 58%, about 59%, 
about 60%, about 61%, dxiut 62%, about 63%, about 64%, about 65%, about 66%, about 67%, 
about 68%, about 69%, about 70%, about 71%, about 72%, about 73%, about 74%, about 75%, 
about 76%, about 77%, about 78%, about 7?%, about 80%, about 81%, about 82%, about 83%, 
about 84%, about 85%, about 86%, about 87%, about 88%, about 89%, about 90%, about 91%, 
aboat 92%, about 93%, about 94%, about 95%, about 96%, about 97%, about 98%, about 99%, 
about 100%, or aiiy raage derivable diecedu, of a {tarticular lipid, lipid type or non-Upid 
cotd]{>(Hieaot such as a drug, protein, sugar, nucleic acids or other material discbsed berem or as 
would be known to one of skill ia the ait la a non-limiting example a l^d cosmposition may 
comprise about 10% to About 20% neutral lipids, and about 33% to about 34% of a cerebroside, 
and about 1% cbolesteroL In another non-limiting example, a liposome may compme about 4% 
to about 12% terpenes, wherein about 1% of the naicelle is specifically lycopene, leaving about 
3% to about 11% of the liposome as compiisiag other terpenes; and abo\Jt 10%to about 35% 
phosphatidyl choline, and about 1% of a drag. Thus, it ia contemplated that lipid compositions 
of the present invention may oomprise any of the lipids, lipid types or other components in any 
combination or perc«itage range. 

jy, Pltarmaceutical Formulatioiis, Deflvery, and Treatment R^bnens 

In an embodiment of the present invention, a method of treatoent for ahypescproliferative 
disease^ such as cancer, by the delivery of an altered poxvirus, such as vaccinia vine, is 
pontemplatfid. Examples of cancer contemplatied for treatntent iuclude Iu£ig caticer, hsad and 
. neck cancer, breast caaicer, pancreatic cancer, prostate cancer, renal cancer, bona cancer, 
testicular cancer, cervical cancer, gastrointestmal cancer, lymphomas, pre-neoplaslic lesions in 
the luna colon cancer, melanoma, bladder cancer and any other cancers or tumors thai may be 
treated. 

An effective amount of the pharmaceutical composition, generally, is defined as that 
amount sufficient to detectably and repeatedly to ameliorate reduce;, minimize or limit the extent 
of file disease or its symptoms. More rigorous deftdtions may apply, inchidiug elimination, 
eradicfltion or cure of disease. 

Preferably, patients will have adequate bone marrow function (defined as a peripheral 
absolute granulocyte count of > 2,000 / mm* and a platelet count of 1(K),000 / mm^), adequate 
Kver function (bilinibin < 1 .5 mg / dl) and ^equate renal function (creatinine < 1 .5 mg / dl) . 
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A. AdminiBtrafion 

To kill cells, inMbit cell growth, inlubit metastasis, decrease tumor or tiffiiie size and 
ofherwise Eeverse or ledaoe the maUgaant phenotype of tumor cells, tising the meflio<Is and 
opinpositioiis of the present iuvEaitioii, one would generally contact ahypeiproiliferative cell wifli 
Qie tber^uUc compound suck as a polypeptide or an expressioa oanstroot encoding a 
polypeptida. The mutes of adminiBtration vriil vaiy, naturally, with liie location and nature of the 
lesion, and include, &g., iafradennal, transdeacmal, paiaatearal, intraveaous, intramuscular, 
intranasal, subcutaneous, regional, percutaneous, intratracheal, intr^edtoneal, intraarterijal, 
intravesical, iutratumonaL, iiihalalioa, perfUsioii, lavage, direct injecfioii, and oral admimstration 
and fonnulation. 

To ei3Fect a thei'iapeutic benefit with respect to a VE^cular conditiou or disease, oae would 
contact a vascular cell with ftie theiapewtic oongjound. Any of the formulations and routes of 
administration discussed with respect to the treatment or diagnosis of cancer may also be 
employed wi& respect to vascular diseases and conditions. 

teratumoral injection, or injection into the tumor vasculatHie is specifically contemplated 
for discrete, solid, accessible tamois. Local, regional or systemic adininistration also may be 
appropriate. For tumors of >4 cm, the volinne to be administered -will be about 4-10 ml 
(preferably 10 ml), while for tumors of <4 cm, a volume of about 1-3 ml will be used (preferably 
3 ml). Multiple injections delivered as siugle dose comprise about 0.1 to about 0.5 ml volumes. 
The viral particles may advantageously be contacted by administeiing multiple injections to the 
tumor, spaced at approximately I cm intervals. 

In the case of surgical mtervention, the presmt invention may be used preoperatively, to 
render an inoperable tumor subject to resection. Alternatively, the present invention may be 
used at the time of surgery, and/or thereajfter, to treat residual or metastatic disease. For 
example, a resected tmnor bed may be injected or perfiised with a formulation comprising a 
poxvirus pol3;peptide or a poxvirus comprising a mutation that renders the poxvirus 
advantageous for treatment of cancer or cancer cells. The perfiision may be contiiiued post- 
resection, fox example, by leaving a catheter implanted at the site of the surgBiy- Periodic post- 
sui^^cal treatment also is envisioned. 

Continuoits administration also may be applied where £5)propriatc, for example, where a 
tumor is excised and the tumor bed is treated to eliminate residual, mioroscopic disease. 
Delivery via syringe or catherization is preferred. Such continuous perfijsion may take place for 
a period from about 1-2 hours, to about 2-6 hours, to about 6-12 hom^ to about 12-24 hours, to 
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^out 1-2 days, to about 1-2 wk or longer fi^lknmg the initiation of traatmeat Geneially, the 
dose of 1iie fbescsp&vi&c compositioin via conSnuoiis pesriusion will be equivaleait to that given by 
a single or multiplB iiifectioiis, adjusted over a period of time during wMch the perfiisiott occras. 
a is fatfljer contsanplated that limb perfiision may be used to admiraster tiier^eutic 
compositiQQS of the present invention, paarticutoly iix die treatment of melaoosaas and saxcomas. 

Treatment regimeais may vaty as well, and often depend on tunoor type; tumor locatioD, 
disease progression, and health and age of the patient. Obviously, certain types of tumor will 
requiiB mcaxs aggressive treatment; while at the same time, certain patients cannot tolerate more 
tajdng protocols. The clinician will be best suited to make sucii decisions based on the known 
efQcacy and toxicity Q£ any) of the therapeutic foimulatioijs, 

Jh certain embodimeaits, the Uimor bemg treated may not, at least initially, be resectable. 
Treatments with ther^eatib viral oonstmcts may increase the resectability of the tumor due to 
shrinkage at the margins or by elimination of certain particularly invasive portiora. Following 
treatmeaats, resection may be possible. Additional treatments subsequent to resection will serve 
to eUnunate microscopic residual disease at the tumor site. 

A typical course of treatment, tor a primary tumor or a post-excision tumor bed, will 
involve multiple doses. Tjpical primary tumor Irsatment involves a 6 dose application over a 
two'week period. The two-week xegimen may be repeated one, tvto, fliree, four, five, six or 
more times. During a course of treatment, the need to complete the planned dosings may be re- 
evaluated. 

The treatments may include various "unit dos^." Unit dose is defined as containing a 
predetennined-qoantity of the therapeutic composition. The quantity to be adroimstered, and the 
pardciilar route and formulation, are within the skill of those in the clinical arts. A unit dose 
need not be administered as a single injection but may comprise continuous infiision over a set 
period of time. Unit dose of the present invention may convenisntly be described in terms of 
plaque forming units (pfu) for a viral construct Unit doses range from 10^, lO'*, 10^ 10*, 10^, 
10^ 10', lO''*, 10", 10'^ 10" pfu and higher. AltemaUvely, depending on the kind of virus and 
the titer attainable, one will deliver 1 to 100, 10 to 50, 100-1000, or iq) to about 1 x 10*, 1 x 10^, 
1 X 10*. 1 X 10', 1 X 10^ 1 X 10', 1 X 10^°, 1 X 10'\ 1 X IQ^\ I x \0^\ 1 x lO", or 1 x lO" or 
higher infectious viral particles (yp) to tiie patient or to ttie patient's cells. 
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B. Injectable ConqiosifionB and Forntalatioiis 

Theprefered mdhod &r the deJivqEy of an expiessioa coi]struct or wws eacoding all or 
part of a poxvirus genome to camcar kt tumor cells in the present iaveution is via intratiimoral 
iigectioiL However, ttie phaanaceatical campositioos disclosed herein jnay ahematively 1)6 
admiiriBtered parenl^ally, intravenously, intradeonally, iattamusculady, tranadennally or even 
intraperitoneally as described in U,S, Patent 5,543,158; UJS. Patent 5,641,515 and U.S, Patent 
5,399,363 {eacli specificanyinooaporatedheiresmbyieference in ite entirety). 

Injection of ffiiclsic acid oomsttucts may be delivered by syringe or any ofliej: method 
iraed for injection of a solution, as long as the ejqpiessim construct can pass through the 
particular gauge of needle required for injectioai. A novel needleless injection ayBtem has 
recently been descdbed (U.S. Patent 5,846.233) having a nozzle deftning an anqtiUe chamber &r 
holding the solution and an energy device for pushing ±t solution out of the nozzle to the site of 
deHveiy. A syringe system has also been described for use in gene therapy that peamits multiple 
injections of predetermined quantifies of a solution precisely at any depth .{U.S. Patent 
5,846,225). 

Solutions of the active compounds as free base or phaimacologically acceptable salts 
may be prepared in water suitably mixed with a siufectant, such as hydiDxypropylcellulose. 
Dispersions may also be prepared in glycerol, liquid polyethylene glycols, and mixtiires thereof 
and in oils. Under ordinary conditions of storage and use, these preparations contain a 
preservative to prevent the growth of microorganisms. Tlie pharmaceutical forms suitable for 
" injectable use include sterile aqueous sohitions or dispersions and sterile powderB for the 
extemporaneous preparation of sterile injectable solutions or dispeisioiis (U.S. Patent 5,466,468, 
specifically incoiporated herein by reference in its entirety). M all cases the fonn must be sterile 
and must be fluid to the extent that easy syringability exists. It must be stable under the 
conditions of manufacture and storage and must be preserved against (lie contaminating action of 
nucjfoorgaaisms, such as bacteria and fungi. The carrier can be a solvent or dispersion medium 
containing, for example, water, elbanol, polyol (e.g., glycerol, propylene glycol, and liquid 
poiyefhjdeaie glycol, and the like), suitable mktures thereof; and/or vegetable oils. Proper 
fluidity may be maintained, for example, by the use of a coating, such as lecithin, by the 
maintenance of the required particle size in tlie case of disparsion and by the use of surfactants. 
The prevention of the action of microorganisms can be brought about by various antibacterial 
and antifiingal agents, for example, parabens, chlorobutanol, phenol, sorbic acid, ftimerosal, and 
the like. In many cases, it will be preferable to include isotonic agents, for example, sugars or 
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sodimn chloride. Ptolcmged absorptioii of ftc iigectable coiM^ositicms can be brought about by 
the use in the coraposhiOiBS of agents delaying absoiption, for example, daminum manDsfsaiate 
end gelatin. 

For parenteral admiiiistratioii in an aqueous solirticHi^ for example, the sohitioii should be 
giritflbly buffered if necessary and the liquid dDuent first reniliered isotonic vii& sufBdeot saline 
or glucose. These pardcnilar aqueous soltitions are especially suitabls fisr inltavenous, 
intwmuscalar, subcutaneous, iattatumDial and intraperitoaieal adminfetration. lathis coxmection, 
sterile aqueous media Uiat can be canployed will be known to those of skill in tiie art in light of 
the present disclosure. For ejtample, cm d^age may be dissolved in 1 ml of isotonic NaCl 
solution and eifiier added to 1000 ml of hypodermoclyas fluid or injected at the proposed site of 
inflision, (see for example, "Remington's Phannaceutical Sciences" 15th Edition, pages 1035- 
-1038. and 1570-1580). Soane variation in dosage will necessarily occur depending on the 
condition of the subject being treated. The person responsible for asininistiation will, in any 
event, determine the appropriate dose for the individual subject Moreover, for human 
administration, preparations should meet steriUty, pytogetucity, genei-al safety and purity 
standards as required by FDA OfBce of Biologies standards. 

Sterile injectable solutions are prepared by incorporating the active compounds in the 
required amount in the appropriate solvent with various of the other ingredients enumerated 
above, as required, followed by flKered sterilization. Generally, dispersions are prepared by 
incorporating the various sterilized active ingredients into a sterile vehicle which contatns the 
basic dispersion medium and the required other ingredients ftom those amimerated above. In the 
case of sterile powders for the prepai ation of sterile injectable solutions, the preferred methods of 
preparation are vacinun-drying and fireeze-drjmg techniques which yield a powder of the active 
ingredient plus any additional desired ingredient from a previously sterile-filtered solution 
thereof 

The compositions disclosed herein may be formulated in a neutral or salt form. 
Pharmaceutically-accqjtable salts, include the acid addition salts (formed with the liee a33Qino 
groups of the protein) and which are fomed with inorganic acids such as, for example;, 
hydrochloric or phosphoric acids, or such oi^anic acids as acetic, oxalic, lartaric, mandelic, and 
the like. Salts formed with the free caiboxyl groiqjs can also be derived from inorganic bases 
such as, for example, sodium, potagsnun, ammonium, calcium, or ferric hydroxides, and such, 
organic bases as isopropylamin^ trimethylamine, bistidine, procaine and the hie. Upon 
fimnnlation, solutions wiE be aditunist£a:ed in a manner conq)atible with the dosage formulation 
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and in such amount as is tiberapeuticatly effects The fbmijlatioiB are easily adiwDdstered ma 
' variety of dosage fonns sadi as irtjectable solutLons^ drug release cs?)aule5 and the like. 

As used herdn, "carrier" includes any and all soIvbhIs, dispeasion media, vehides, 
coatings, diluents, antibacterial and antiftmgal agaits, isotonic and absotption delaying ageaite, 
buffers, carrier soMons, snspensions, colloids, and the like. The use of such media and agearis 
Sot phannacsutical active sntstances is well known in €ie art Bxc^t insofer as sasy 
conventional media or agent is incompatible wili Sie active ingredient, its use in the therapeatic 
compositions is contaaL^plated. Siipplemenlaiy active ingredisnts can also be incooporated into 
the compositions. 

The phrase "pliarn)ac€Wtically-accq>table'' or "phamiacologicany-^eptable'* refers to 
molecular entities and compositions Uiat do not produce an allergic or similar untoward reaction 
when administered to a human. The preparation of an a«poous composition that contains a 
protein as an active ingredient is well imderstood in the art. Typically, sudi compositions are 
prepared as injectables, either as liquid solutions or suspensions; solid foams suitable for solution 
in, or suspCGtision in, liquid prior to injection can also be prepared. 

C. Combinatioii Treatments 

The compounds and methods of the present invention may be used in the context of 
hyperproliferative diseases/conditions including cancer and atherosclerosis, hi order to inci'ease 
the effectiveness of a treatment \vith the compositians of flxe present invention, such as 
attenuated vaccuiia viruses, it may be desirable to combine these compositions with other agents 
effective in the treatment of those diseases and conditions. For example, the treatment of a 
cancer may be implamented with flierapeutic compounds of Uie present invention and other anti- 
caacer therapies, such as anti-cancer agents orsurgeiy. 

Various combinations may be esmployed; for exEimple, an attenuated poxvirus, such as 
vaccinia virus, is "A" and the seccaidary anti-cancer thea^py is "B": 

A/B/A B/A/B B/B/A A/A/B A/B/B B/A/A A/B/Bffi B/Am/B 

B/B/B/A B/B/A/B A/A^/B Affi/A/B AmfB/A B/B/A/A 



B/Am/A B/A/A/B A/A/A/B B/A/A/A A/B/A/A A/A/B/A 
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Adnumatration of the iher^peutic esgjocesaion canBtnictB of liie preaent invention to a 
patient will fellow geneial paotocols for the admimstration of that particular secoaidary therapy, 
taMng into account the toBcicity, if any, of the poxviras treaiEaeiit. It is expected that the 
tiBatment cycles would be repeated as necessaiy. It also is contemplated that various standard 
.therapies, as wdl as surgical intervention, may be applied in combinfltion vMi tiiie described 
canc.er or tumor cell therapy. 

1. AntMranccrTher^y 

An "anti-cancer" agent is cajmble of negatively affecting cancer ia a subject, for example, 
by kUling cancer cells, inducing apoptosis in cancer cells, reducing the growth rate of cancer 
cells, reducing the incidence or number of metastases, rednomg tumor size, inhibiting tumor 
growth, reducing the blood supply to a tumor or cancer cells, promoting an immune response 
against cancer cells or a tumor, preventing or inhibiting the progression of cancer, oar mcreaaing 
the Hfepan of a subject with cancer. Aati-cancer agents include biological agents (biother^), 
chemotherapy agents, and radiotherapy agents. More generally, these other compositions would 
be provided in a combined amount elective to Mil or inhibit proliferation of the cell. TMs 
process may involve contacting the ceDs with the expression construct and the agent(s) or 
multiple factorCs) at the same tune. TMs may be achieved by contactmg the cell with a single 
composition or pharmacological formulation that mcludes both agents, or by contacting the ceU 
with two distinct compositions or formulations, at the same time, wherein one composition 
includes the expression construct and the other includes tlie second agent(s). 

Tumor cell resistancB to chemotherapy and radiothempy agents represents a major 
problem in clinical oncology. One goal of current cancer research is to find ways to hnprove the 
efSeacy of chemo- and radiotherapy by combining it with gene therapy. For example, the heipes 
simplex-thymidine kinase (HS-tK) gene, when delivered to brain tumors by a refroviial vector 
system, successfoUy induced susceptibility to tihe antiviral agent ganciclovir (Culver ef al, 
1992). In liiB context of the presait invention, it is contonplated that poxvirus Iherapy could be 
used smiilarly in conjunction with chemofherapeutic, radiotherapeutic, immmiothsr^tic or 
other biological mtervention, in addition to other pro-apoptotic or cell cycle regulating agents. 

Alternatively, the g^e thexapy may precede or follow the other agent treatment by 
intervals ranging from minutes to weelcs. In embodiments where the other agent and expression 
coDSttuct are appUed separately to the cell, one would geiieraUy ensure thai a significant period 
of time did not expire between Has time of each deUvery, such that the agent and expiession 
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comtmct would stm be able to exeact an advantageously combined effect on Hxe oeH. In. such 
iastmces^ it is contemplated that one niay contact the cell wifk ioth modalities wifhdn abovA VI- 
TA h of each otheir mi, more psrel^ably, wiQiin about 6-12 h of each otbex. In some situaticnos, it 
may be desirable to extend the time period for treatmestrt signiScantly, hoiiVBver, where several 
d^ (2, 3, 4, 5, 6 or 7) to several weeks (1, 2, 3, 4, 5, 6, 7 or 8) lapse between the respective 
adTninisfatattoas. 

a. Chemotherapy 

Cancer therapies also inctade a variely of combination thetapies with both chemical and 
radiation based treatmeats. Combination chemotherapies include, for e«aiiq)ie, . cisplatin 
(CDDP), carboplatin, procarbazine, mechloretiiamine, cyclophosphamidei, camptoHiecin, 
ifiis&mide, melphsdaiL, ciiloraiabucil, btisulikn, Ditrosurea, dactinomycin, daunombicin, 
doxorubicin, bleomycin, plicomycin, mitomycin, etoposide CVP163, tamoxifen^ raioxifbnoi, 
BStrogeo. receptor binding agents, taxol, gemcitabien, navelbine, famesyl-protein transferase 
iiihibitora; transplathiiHit, 5-fIuoroviiacil, vincristine, viixbiastitte and methotrexate, 
Temazoiomide (an aqueous form of DTIC), or any analog or derivative variant of the foregoing. 
The combination of chemotherapy with biological ther^y is known as biochemoliieEapy. 

b. Radiotherapy 

Other fectois that cause DNA damage and have been used extensively include what are 
commonly Icnowa as y-rays. X-rays, and/or the directed delivery of radioisotopes to tumor cells. 
Other forms of DNA damaging factors are also contemplated such els microwaves and UV- 
irradiation. It is most likely that all of (hese factors effect abroad range of damage on DNA, on. 
the precBrsors of DNA, on the replication and repmr of DNA, and on the assembly and 
maintenance of chromosomes. Dosage ranges for X-rays range from daily doses of 50 to 200 
roentgens for prolonged periods of tune (3 to 4 wk), to single doses of 2000 to 6000 roentgens. 
Dosage ranges for radioisotopes vary widely, and depeaid on the half-life of flie isotope, the 
sfaietDgth and type of radiation emitted, and the uptake by the neoplastic cells. 

The terras "contacted" and "exposed," when applied to a cell, are used herein to describe 
ae process by which a therapeutic construct and a cliemotherapeutic or radiother^sztic a^t 
are delivered to a target cell or are placed in direct justEtposidon wiQi the target cell. To achieve 
cell kiilmg or stasis, both agents are doUveEred to a cell in a combined amount efifccfivB to Mil flie 
cell or prevent it &om dividing. 
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c. Iimuniiotberapiy 

LmnimotlieTapeirtics, geaerally, rely coi the use of immune effector cells and moleeviles to 
target and destroy cancer cells. The iiniiitjne efiector may 

for some maiksr on the Bm&oe of a tumor cell. The antibody aloiue may serve as an efifeotor of 
fbssapy or it may recruit odier cells to actually effect cell killing. The antibody also may be 
conjugated to a drug or toxin (cJiemothia^peutic, radionuclide, ricin A chain, cholera toxin, 
pertussis toxin, eta') and serve merely as a targeting agent. Alternatively, tie efTector may be a 
lyoiplocyle (smymg a surfMse molecule that interacts, eillier direcliy or inditediy, with a Ixonar 
cell target. Vaiious eSbctor ceUs include cytafoxic T cells and NK cells. The combination of 
therapeutic modalities, i.e., direct cytoto3dc activity and inhibitioa or rsductlon of certain 
poxviius polypeptides would provide therapeutic benefit in the treatment of cancer. 

Immunotherapy could also be used as part of a combined tlaerapy. The general approach 
far combined therapy is discussed below. la one aspect of immunotherq>y, the tumor cell must 
bear some marker that is amenable to targeting, i.e., is not present on the majorify of other cells- 
Many tmnor maikei-s exist and any of these may be suitable for targetmg in. the context of the 
present invention. Common tumor markers include cai'cinoembryomc antigen, prostate speciSc 
antigen, urinaiy tumor associated antigen, fetal antigen, tyrosinase (p97), gp68, TAG-72, 
HMFG, Sialyl Lewis Antigen, MucA, MucB, FLAP, estrogen receptor, laminin receptor, erb B 
and pl55. An alternative aspect of itnmxmotherapy ia to anticaacer effects with iinmuue 
stimulatory effects, hnmune stimulatiiig molecules also exist including: cytokines such as IL~2, 
IL-4, IL-12, GM-CSF, IFNy, chemokines such as MlP-1, MCP-1, IL-8 and growth factors such 
as FLT3 hgand. Combining iounune stimulating molecules, either as proteins or using gene 
delivery in combination with a tumor suppressor such as mda-7 has been shown to enhance anti- 
tumor effects (Ju et aL, 2000). 

As discussed earlier, examples of immunotherj$iiss currently under inv^tigation or in 
use are inoutnune adjuvants {e,g., Mycobacterium bovis, Plasmodium falciparum, 
dinitrochlorobenzene and aromatic compounds) (U.S. Patent 5,801,005; U.S. Patent 5,739,169; 
Hni and Hashimoto, 1998; Christodouhdes et al., 1998), cytokine therapy {e.g., interferons a, p 
and 7; IL4, GM-CSF and TNP) (Bukowski et aL, 1998; Davidson et aL, 1998; Hellstrand e( al., 
1998) gene therapy (e.g., TMF, IL-1, IL-2, p53) (Qm et aL, 1998; Austin-Ward and Villaseca, 
1998; U.S. PatQit 5,830,880 and U.S. Patent 5,846,945) and monoclonal antibodies ie.g., aati- 
ganglioside GM2, anti-HER-2, anti-plg5) (Pietras et aL, 1998; Hauibuchi et aL, 1998; U.S. 



-72- 



WO20Q4/0143I4 



PCT/nS2003i«25141 



Patent 5,824,311). Herc^tin (Irastuzamab) is a chiaieiic (monse-bumaa) mmoQlxjosl antibody 
that blocks ib& HEK2-iiett receptor. It possesses anti-tumor activily and lias been approved for 
VKe in the treatment of maligaant tunwora (DiUmaa, 1999). CoaiAinatioE Uierapy of cancer with 
hercqjtiii and cheraothsrapy has been shovni to be more effective than the individual therapieB. 
Tbos, it is coxiteffiplated thact one or more aDti-caKcegi: tbeai^ieis may be enqiloyed with the 
poxvimsHrdated therapies described herein. 

I) Passive Jmmunofherapy 

A number of different qjproaches for passive immunothorapy of cancer exist They may 
be broadly categorized into the following: injection, of antibodies alone; injection of antibodies 
coupled to toxins or chemothei-apeKtic agents; injeotictti of antibodies coi^led to radioactive 
isotopes; injection of anti-idiotype antibodies; and finally, purijng of tumor cells in bone 
maiTOw. 

Preferably, human monoclonal antibodies are employed in passive immunotherapy, as 
they produce few or no side effects in 1iie patient. However, their application is somewhat 
limited by their scarcity and have so fat only been administered intralesionally. Human 
monoclonal antibodies to ganglioside antigens have been administered intralesionally to patients 
snffering ftom cutaneous recurrent melanoma (hie and Morton, 1986). Regression was observed 
in six out of ten patients, fottowin^ daUy or weekly, intralesional injections. In another study, 
moderate success was achieved firom intralesional it^ectioiis of two human monoclonal 
antibodies (Trie et at, 1989), 

It may be favorable to administer more than one monoclonal antibody directed against 
two different antigens or even antiljodies with multiple antigen specificity. Treatment protocols 
dso may include administration of lymphokines or other irnmiiiLe enhancers as described by 
Bag'orin et al. (1988). The development of human monoclonal antibodies h described in further 
detail elsewhere in the specification. 

ji) Active Iinmnuotherapy 

In active immunotherapy, an antigenic peptide, polypeptide orptotdn, or an autologous 
or allogenic tumor cell composition or "vaccine" is administfiied, gaieially with a distinct 
bacterial adjuvant (Elavindranath and Morton, 1991; Morton et al, 1992; Mitchell et aL, 1990; 
Mitchell eif al, 1993). In melanoma immunotherapy, those patients who elicit high IgM 
response often survive better than those -who elicit no or low IgM antibodies (Morton et al., 
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1992). Ig^ antibodies are often trsmsieait antibodies and the exception to the nde appears to bs 
anti-rgangliDside or anticarbohydrate antibodies. 

ili) Adoptive InimiiJBothera.py 
In. adoptive immunotlierapy, the paiieaif s cirouladng lymphocytes, or tumor infiltrated 
. lymphocytes, are isolated in vitro, ajrfivated by lympholdnes such as IL-2 or transduced wifli 
genes for tumor necrosis, and readministered (Rosenberg et al, 1988; 1989). To achieve this, 
one would administer to an ammal, or human patient, an immunologically effective amount of 
activated lymphocytes in combination with an adjuvant-incorporated antigemo peptide 
conposition as described heacein. The activated lymphocytes will most preferably be the patient's 
own cells that were earlier isolated from a blood or tumor sample and activated (or "ejcpanded") 
in viiro. Tiiis form of immunotherapy has produced several cases of regression of melanoma and 
renal carcinoma, but the percentage of responders were few compaied to those who did not 
lespomd. 

d. Genes 

la yet another embodiment, the secondary treatsnent is a gene therapy in which a 
therapeutic polynucleotide is administeFed before, after, or at the same time as an attenuated 
poxvirus is administered. Delivery of a poxvirus in conjunction with a vector encoding one of 
the following gene products will have a combined anti-cancer effect on target tissues. 
Altonalively, the poxvirus may be engineered as a viral vector to include the ther^eiitic 
polynucleotide, A variety of protcaiK are encompassed within the invention, some of which are 
described below. Table 7 lists various genes that may be targeted for gene therapy of some form 
in condiioation with the piesent invention. 

i) Inducers of CeDular Piraliferatioii 

The proteins that induce ceQnlar proliferation fttrttiej: fall into various categories 
dependent on flmction. The commonality of all of these proteins is their ability to regulate 
cellular proliferation. For example, a form of PDGF, Ihe sis oncogene^ is a secreted growth 
iador. Oncogenes rarely arise from genes encoding growth factors, and at the present, sis is the 
only known naturally-occuiTuig oncogenic growth fector. In oee embodiment of the present 
Invention, it is contemplated that anti-sense mRNA directed to a particulKr inducer of cellular 
proliferation is used to prevent expressicai of the indues: of cellular proliferation. 
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TheiH:otemsFMS,Bd>A,E:tBandiijB« MutadOEs to these 

ret^ors xesoXt in loss of legulatable fimction. For enssssplB, a pomt mutattoa affecting fhe 
transm^'braue domaiii of tbie Neu receptear protein results in the neu. oocogene. The erbA 
oQcogeme is derived 60m. the intrajellular receptor thyroid hDEmoae. The modified 
oncogenic EibA receptDr is believed to compete with the endogenous Hiyroid hoimone recgjtor, 
oansmg tmcoatrolled growth. 

The largest dags of oncogenes inchides the signal transducing proteiiis (ag;, Sro, Abl and 
Ras). The protein Src is a cytoplasmic protsin-tyrosine kinase, and its transjEbmiation fiom 
profo-oncogene to oncogene in some cases, rraults via mutations at tyrosiiiB residue 527. In 
contrast, teansformaticai of GTPase protein ras &om proto^ncogene to oncogen©, in one 
exjanple, results from a valine to glycine mutation at amino acid 12 in fhe sequenceL, reducing ras 
GTPase activity. 

The proteins Jm, Fos and Myo are proteins that directly exert their effecte on nuclear 
fimctions as transcription :^otoxs. 

ii) Inhibitors of Cellular Prolifei-atioH 

The tumor suppressor oncogenes funcfiaii to inhibit excessive cellular proliferation. The 
mactivation of these genes destroys their inhibitory activity, resulting in unregulated 
proliferation. The tumor suppr^sors p53, pl6 and C-CAM are described below. 

In addition to p53, which has been described above, another inhibitor of cellular 
proliferation is pi 6. The major transitions of fhe eukaryotic cell cycle are triggered by cyclin- 
dependent kinases, or CDK's. One CDK, cyclinniepeiident kinase 4 (CDK4), regulates 
progression through the Gi. The activity of this enzyme may be to phosphoryhite Kb at late Gj. 
The activity of CDK4 is controlled by an activatmg subunit, D~type cyclin, and by an inhibitory 
subunit, the pl6™ has been biochemically characterized as a protem that specifically binds to 
and inhibits CDK4, and thus may regulate Rb phosphorylation (Serrano et aL, 1993; Serrano et 
al, 1995). Since the pie'"'''' protein is a CDK4 inhibitor (Serrano, 1993), deletioji of this gene 
may increase the activity of CDK4, resulting m hypeaphoaphoiylatian of liie Bb protem, pl6 
also is known to regulate the fiinction of CDIC6. 

■$16^^ belongs to a newly described class of CDK-inhibitory proteins that also includes 
pie'', pl9, p21^^', and p27^". The pie'^* gene maps to 9p21, a chromosome region 
frequently deleted in many tumor types. Homozygous deletions and mutations of the pi 6™-* 
gaie are fieqaent in human tumor cell Inies. This evidence suggests that the ^l^^^ gene is a 
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tumor suppressor gene. This interprdation has been diallsiged, however, by the obsetvatioiii 
lhat the fiajuency of iJie pl6"*™ gcEoe alteraticais is mucli lower in primary mcuftraed tinnors 
than m ailtured cell lines (CaMaa ^ oL, 1 994; Oieng et al, 1994; Hiisgmsian et al,, 1994; Kamb 
et al, 1994; Kmnb et al, 1994; Med et al, 1994; Okamoto et aL, 1994^ Nobori et al, 1994; 
Qrlow et aL, 1994; Atap et aL, 1995). Restoration of wild-typo pie^"*^* function by transfetrfion. 
"vrifh. a plaamid eqicression vector leduced colony formation by some human oanoer cell lines 
(Okflmoto, 1994; Arap, 1995). 

Oflifir genes that may be employed afioording to the present iiwentbn include Rb, APC, 
DCC. NF4, NF-2, MEN-I, Um-IS, zacl, p73, VHL, MMACl J PTEN, DBCCR-1, FCC, 
1:^-3, p27, p27/pl6 fasions, p21/p27 fesions, anti-thrombotic genes GOX-1, TFPI), PCS, 
Dp, E2F, ray, myc, neu. raf. erb, fins, trk, ret, gsp. list. abJ, ElA, p300, gsnes involved in 
angiogenesis (e.g., VEGF, FGP, thrombospondin, BAI-1, GDAIF, or Hieir receptors) and MCC. 

iif) Regulators of Progranuned Cell Death 

Apoptosis, or programmed cell death, is an essential process for normal embryonic 
development, maintaining homeostasis in adult tissues, and suppressing carcinogenesis (Ksac et 
al., 1972). The Bcl-2 feniily of proteins and ICE-like proteases have been demonstrated to be 
important regulators and effectors of spoptosis in other systems. The BcI-2 protein, discovered 
in association with follicular lymphoma, plays a prominent role in controlling apoptosis and 
mhancing ceU survival in response to diverse apoptotic stimuli (Bakhshi et al, 1985; Cleaiy and 
Sklar, 1985; Cleary et al., 1986; Tsujimoto et al^ 1985; Tsujimoto and Croce, 1986), The 
evolutionaiily conserved Bcl-2 protein now is recognized to be a member of a family of related 
proteins, which can be categonzed as death agonists or death antagonists. 

Subsequent to its discovery, it was shown that Bcl-2 acts to suppress cell death triggered 
■by a variety of stimuli. Also, it now is ^parent that there is a family of Bcl-2 cell death 
regulatory proteins which share in common stractuml and sequence homologies. These different 
family members have been shown to dther possess similar fimctions to Bci-2 (e.g.. BcIxl, BoIw, 
Bcls, Mcl-l, Al, BfI-1) or counteract BcI-2 function and promote cell deafti {e.g.. Bax, Bak, Bik, 
Bim, Bid, Bad, Haratdri). 

e. Surgery 

Approximately 60% of persons with cancer will undergo surgery- of some type, which 
indudes preventative, diagnosfe or staging, curative and palhative surgery. Curative surgery is 
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a caicer freaimeot litat may be used in coiguEicfion. wMi ofher therapies, sDcih as the treatm^ of 
Uie presemt invention, chemotherapy, ladiother^yj homoaial therapy, gme tJiesrapy, 
immunotherapy and/or alteaaiative tiierapies. 

Curative snigesy includes resedioai in which all or of canfiexous tissue is physically 
Tamoved, cKoised, and/or destroyed- Tumor lesection xeSscs to jphysical rerauofvai of at le^t part 
of a fmnor. hi additiOD to tumor resection, treatment by surgery includes las^ surgery, 
caryosurgery, electrosurgery, and microficcpically controlled suige^ (Mohs' surgery). It is 
ftirlher contemplated that the present mventton may be used in oooajunction with xemoval of 
supescficial cancers, precancers, or incideatal amoonts of normal tissrue. 

U^on excision of part of all of cancerous cell^ tissue, or tumor, a catvity may be foamed 
in Sie body. Treatment may be accomplished by petfusion, direct infection or local applicalion 
: of the area with an additional anti-cancer therapy. Such treatment may be repeated, for example, 
every 1, 2, 3, 4, 5, 6, or 7 days, or every 1, 2, 3, 4, and 5 weeks or every 1, 2, 3, 4, 5, 6, 7, 8, 9, 
10, 1 1, or 12 monttis. These treatments maybe of varying dosages as welL 
f. Other agente 

It is contemplated that other agents may be used in combination with flie present 
invention to improve the therapeutic efficacy of treatmont These additional agents include 
immunomodulatory agents, agents that affect the upregulation of cell surface receptors and GAP 
junctions, cytostatic and differentiation agents, inhibitors of cell adehesion, agents that increase 
the sensitivity of the hyperproliferative cells to apoptotic inducers, or other biological agents. 
Immitnomodulatory agents include tumor necrosis factor; interferon a, p, and y; lL-2 and other 
cytokines; F42K and other cytokine analogs; or MlP-1, MIP-lp, MCP-1, RANl^ES, and other 
chemoldnes. It is fijrther contemplated that the upregulation of cell surface receptors or their 
ligands such as Fas / Fas ligand, DR4 or DR5 / TRAIL (Apo-2 hgand) would potentiate the 
apoptotic inducing abililtieB of the present invention by establishment of an autocrine or 
paracrine effect on hypeiproUferative cells, hicreases intercellular signaling by eletvating the 
number of GAP junctions would increase the anti-hyperproliferative effects on the nei^boring 
hypeiproliferative cell population. In other embodiments, cytosfatio or differentiation agents can 
be nsed in combination with the prraent invention to improve the anti-hyerproHferative efficacy 
of (he treatments, hahibitors of cell adehesion are contemplated to improve the efScacy of the 
present invention. Examples of ceil adhesion inhibitors are focal adhesion kinase (FAKs) 
mhibitors and Lovastatin. It is ftirther contemplated that other agents that increase the sensitivity 
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of a hypeiptoliferative cell to ^optosia, sucli as tiie antibody 0225, could be used in coDabination 
with the present inventioii to itnprofve the tealmeait efiScacy. 

Apo2 ligand (Apo2Lj also called TRAIL) is a meanber of fhe toraor necrosis fector (TNP) 
cytokine famil y. TRAIL activates rapid apaptesis in many types of caiuMsr oeUs, yet is not toxic 
to noEDflal cells. TElAJLinKNAoccinsb a -wide variety of tissiies. Most nonnal cells appear to 
be resistant to TRAIL'S cytotoxic action, auggrating liie exisfetice of mechanisms that can 
protect against apoptosis induction by TRAIL. The first receptoi- described fyc TRAIL, c^ed 
deatii receptor 4 (X>It4), contains a cytoplasmic "deafb domain"; DR4 ttansmits ti^ apc^tods 
signal earned' by TRAIL. Additional rec^tons have bessQ ideaitified thai bind to TRAIL. One 
receptor, called DR5, contains a cytoplasmic death domain and sigials sqjoptosis much like DIt.4. 
The DR4 and DR5 mRNAs are expressed in many normal tissues and tumof ceQ lines. Recentiy, 
•decoy receptors such as DcRl and DcR2 have been identified tiiat preveait TRAIL Scorn inducing 
apqptosis tiirough DR4 and DR5. These decoy receptors thus represent a novel mechanism for 
regulating sensitivity to a pro-apoptotic cytokine directly at the cell's surfece. The preferential 
expression of these inhibitory receptors in normal tissues suggests that TRAIL may be useful as 
an anticancer agent that induces qjoptosis in cancer, cells while sparing normal cells. (Marsters ^ 
aL 1999). 

There have been many advances in the therapy of cancer following the introduction of 
cytotoxic cheiaoOierapeutic drags. However, one of the consequences of chemotherapy is the 
developraeut/aoquisition of drog-cesistant pheaiotypes and the development of multiple ding 
resistance. The development of drug resistance remains a major obstacle in the treatment of such 
tcanm-s and therefore, tiiere is an obvious need for alternative approaches such as gene therapy. 

Another form of therapy for use in conjunction with chemotherapy, radiation therapy or 
biological therapy includes hyperthermia, which is a procedure in which a patient's tissue is 
exposed to high temperatures (up to 106°F). External or iutemal heating devices may be 
involved in the application of local, regional, or whole-body hyperthermia. Local hyperthermia 
involves the- application of heat to a small area, such as a tumor. Heat may be generated 
eartemaJIy with high-frequency waves targeting a tumor from a device outside the body, Jntcmai 
heat may involve a sterile probe, including thin, heated wires or hollow tubes tilled with warm 
water, implanted microwave anteamae, or radiofrequency electrodes. 

A patient's organ or a hmb is heated for regional therapy, which is accomplished using 
devices that produce high energy, such as magnets. Alternatively, some of the patient's blood 
may be removed and heated before being perfused into an area- that will be internally heated. 
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Whol&iiody heating may also be impleonmted in cases where cancer has ^lead thiougjxout the 
body. Warott-water bbnkete, hot wax, inductive coils, ai^ Ihsnnal chambeis may be used fixr 
litis purpose. 

Hornionfll therapy may also be used in conjunction with (he presedit invention or in 
combination vvitti any other cancer therapy previously described. The use of hormones may be 
en^jloyed in. the treatment of certain cancers such as breast, prostate, ovarian, or cervical cancer 
to lower the level or block the effects of certain hormones such as testosterone or estrogen. This 
treatment is often used in combination with at least one other cancer therapy as a treatment 
option or to reduce the rtalr of metast^es. 
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Soman Disease 
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Human Disease 
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EXAMPUES 

The following examples are included to demonstrate preferred eraboiiimente of the 
invention. It should be appreciated by those of skill in the art that the techniques disclosed in to 
examples which follow represent techniques discovered hy the inventor to function well in flie 
practice of the invention, and thus can be considered to constitute preferred modes for its 
practice. However, those of sMIl in the art should, in light of the present disclosure, appreciate 
that many changes can be made in the specific embodiments which are disclosed and still obtain 
a like or similijr result without departing from the spirit and scope of Ite invention. 

EXAMPLE 1: 
Vaccinia Virus Frooagatfon in Cell Lines 

A panel of 16 different routinely available vaccinia virus laboratory strains/ available 
mutants (and rabbitpox, and other poxviruses) was evaluated; Copenhagen, Dairen, Bvans, 
USSR, Tashkent, Tian Tan, WR, IHD-J. IHD-W, Lister, NYCBOH, Patwadangar, King, and 
WR mutants B8R, B18R and B13R, Replication was assessed in both cancer cells and in normal 
cells. A preferred vims would have relatively high rephcation in the cancer cells and reduced 
replicatioa in normal cells a larger therapeutic ratio or index between tumor and nomial 
cells). Two human tumor cell lines were tested: A2780 colon carcinoma and HCT116 colon 
carcinoma (Americati Type Culture Collection). Nonnal cells included noamal human bronchial 
epitiifiJial (NHBE) cells. For cytopatMc effect assays using proliferatmg cells, cells were grown 
to 70% conflneaice (DMEM with 2% FBS) at wliidi time cells were infected with multiplicities 
of infection (MOT) of 0.001 to 10. Five to six days later plates were stained with MIT 
(Prora^) and the abKJtrbance quantitated. Normal cells were made non-proliferative following 
growth to complete confluence and subsequent culture in DMEM witih 0.2 % FBS. Lack of 
proliferation was confirmed by cell cycle analysis and cell counts. Bach sample was assayed in 
quadntplic^ and v/as repeated at least twice. For viral replication aasajB, cells were grown to 
70% confluence (37^ C, 5% C&, DMEM with 2% FBS with additional growth fectoa- 
suprpleaneartation for NHBE cells - as in Heise et al, (2000) at which time cells were infected 
with multiplicities of infection ^OI, particles per cell ratio) of 1 or 10 with each virus. After a 
three hour inci;bation the medium was removed and replaced with fiesh supplemented media. 
Forty-eight hours later (previous data had demonstrated that vaccima replication peaked at this 
tarae-pdnt), both cells and supernatant were harvested for virus titration analysis. Cell l)sates 
imderwent three cycles of fteezang and thawing, followed by a 30 second pulse in a 
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somcatoi/water baSi. Virus was tbeo purified through a sucrose cusMom and serial dautioEs of 
si^eanatants and lysates were titoped cm BSC~1 cells (puiificatioii and titration as descsribed in 
Alcami and Smith, (1995). 

Exemplary resnHs are shorn in FIG. 1-4. The leplicatioti of C«?peitiIiageD virus in ihe two 
carcinoma lines was equivalent or superior to aill other viruses fal the assays (FIG. lA and IB; y- 
axis is plaque-fomung units per ml +/- S.E.). In contrast, in the normal human cells Copenhagen 
vras attenuated relative to other Vmsss (FIG. 2). Finally, the ratio of the burst in cancer cells to 
normal cells are shown for all viruses ia FIG. 3 (A2780: NHBE) and FIG. 4 (HCT116: MBBE). 
Copenhagen had a significantly greater burst ratio in both A2780 (P<0.001) and HCTU6 
(pO.OOl), While the bmst ratio was approximately 20,000 and 30,000 for Copenhagen, 
respectively, aU other vimses had ratios less than five thousand, and most were less than two 
thousand (e.g.; Lister and Wyetti). Similarly, the tumor ceil MlUng by Copenhagen in cytopatMc 
effect assays in vitro in A2780 and HCTU6 was greater than or equal to Lister and NYCBOH 
strains. 

EXAMPLE 2: 
Vaccinia Virus in Coatoiaation with PacKtaxel 

Although viruses such as adenovirus and HSV have been tested in combination with 
chemotherapy, vaccinia viruses have not (includuig the Copenhagen shain). VV has been 
eoa^eeied to express prodrug-activatmg enzymes (e.g. thymide Mnase) have been tested in 
combinadon with relatively non-toxic prodrugs that become toxic JEbllowuig activation by the 
. pGCodmg-activating gene product (Puhhnann et al., 2000). 

Synergy between standard cytotoxic chemotherapeuti<B that aie Eqjproved for the 
treatment of cancer patients and Vaccinia viruses would be an favorable feature for a poxvirus, 
inchidiisg vaccinia and specifically Cop«ihagea strain. Faditaxel (alca. taxol) is approved for 
use in cancer patients in the U.S. and Europe. W Copeohagen was tested in combination wifli 
Taxol in both HCT116 and LNCaF cancer cell lines. Isobologiaan generaJion and analysis has 
sfihown synergy of W in corabinatian with Taxol (FIG. 5). Isobolograms were generated using 
data derived from a MTS assay, smh as the CellTrtsr96®AQuisous Non-Radioactive Cell 
Proliferatiou Assay (Catalog #G5421, P)Pomega Corp., Madison, Wl)j on cell survival illustrated 
in FIG. 6, 7, S, and 9. All data points in TIG. 5 lie beneath the Bne that symbolizes the expected 
positions of the datapoints if no synergy nor anta^nism weie present; therefore these data pdnte 
are &iq)partive of a synergistic interaction in 1he killing of these carcinoma cell Hues. 
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The methods included growiog ce31 linw ia 96 well dishes in 5% CO^ at 37" DMEM plus 
10% PCS. Once csSh reached appraximately 50% canfluenicy ihe nffidium was changed to 
DMEM pixis 2% FCS and fhey wea?e treated with paclitsotea (dose range 3x10"^ to 3x10* dM, log 
incraueiJls) and/or viros (W Copenhagen at MOI of 10"* to lO' parddBs per cell). Cdls wers 
esfbssc 1) mock-treated, 2) vinw-4reated only, 3) taxol-treated only, 4) virus-treated followed by 
taxol trealmeait Cells were infected for 6 days total and were then put into Ihe MTS assay 
(Prom^^ Wl, USA see manufactureis instructioiis). Cells weie exposed to tstxol for 6 days 
total and were then put into fiie MTS assay (see manufacturers instructians). Cells treated with 
the cortihination were infected in identical feshion to the virus-only Jieattiient group and were 
subseqneatly treated wifli taxol (in fixed ratios of viru8:taxoI) ipomediately as above. Cells were 
then assayed as above. MTS cell survival data was expxessed as petoentage of control cell . 
survival as in FIG. 6, 7, 8, and 9. Data analysis for evahiadon of synergy (isobologram 
generation and analysis) was as described in Nielsen et al. (1997, 1998). Briefly, dose response 
curves were gaierated to calculate the EC30 values for each cell line (compared to untreated 
cells) for each cell and all test conditions). Nine concenferations of each agent were used 
(see above) alone and in combination. Four different dilution ratios for W/pacHtaxel were 
included in each experiment (3. 33, 333, 3333). Isobolograms were generated to determine 
synergistic or antagonistic effects. Each data point represented triplicate sample. 
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EXAMPLE 3: 

Tumor Regrasgion Results from Vflt;niwia Virns Adn ih^ipf pMon 
Subcutaneous murine tumor xenografts were foimed by irgecling 5x10^ CMr-64 cells or 
10* CMT-93 cells (murine rectal oarcanoma) suspended in 100 |j1 PBS fsobotitaneously into the 
flanks of C57B/6 micei. Jn the first eDtperimont, W WR strain mutante in BSS. and B18R were 
injected into subcutaneous CMT-9>3 tumors (estimated baseline tnmor sizes 40-100 in Hia 
flanks of ttiiman.oeompetBt]t C57/B6 mice at doses of 10^ to lO' partioles sa^eakled in 40 |li1 par 
day on days 1 , 3 and 5. ' A single needle puncture was made in fee center of the timior and four 
needle tracts were made out into each fumor quadrant. Approximaitely one-fourth of Sie solution 
was injected into each teact as the needle being withdrawn. Controls received identical 
treatment with. psoralen-UV inacdvated vims or PBS . Bidimeosional tiunor measureraesnts were 
performed tiiweekly and flic tumor voliwne established by the following formula: 
aengaiXwidthXwidth)(3.I4/6). 

Significant antitnmoral ejects and increased survival were demoEostrated compared to 
vehicle or inactivated virus control-injected tumors, and a dosS'^esponse redatioiiship was seen. 
Eight often mice treated with 10* or 10^* B8R mntant-W had complete tumor regreseions and 
ramiiined tumor-firee throughout follow-up (3 months total). Nine of tea mice receiving B18R at 
the same dose levels had complete regressions and remained tumm-fi-ee throughout the same 
follcw-up period. Only one durable complete regression was noted in the control groups. 
Median survival was two weeks and all mice were sacrificed by day 24 post-treatment initiation. 
Survival was sigmficactly increased m the 10* to lO'" particle treatment groups (KM survival 
analysis, log rank test; p<0.01). Aniraais were observed for gross appearance (e.g., activity, 
raffled fur) and weighed twice weekly; no significant weight or appearance changes were 
reported. 

The identical treatment/injection regimai was then performed wilh B18R and vehicle 
control in the CMT-64 murine tumor x^ograft model. Although, no complete responses were 
demonstrated, delay in the time to tumor progression requiring sacrifice was highly signiScant 
for' the BlSR-treatment group versus PBS or psoralen-TJV-inactivated vims (median 
approximately 2 weeks versus 4 weeks; p<0.05j log rank test, Kaplan-Meier analysis of time to 
sacrifice due to tmnprprogreraion). 



wo 2004/014314 



rCT/US20QJ/025141 



EXAMPLE 4; 

EEy-Enhanced Efficacy Regarding Muilae Tumor Xenografts 
Subcutaneous murine tumor xeaiografts were Jfoimed by injeoting SxlO'' JC murine breast 
carcinoma ceils suspended in 100 id PBS snbcutoLeoaisly into the flanks of immimoconipetent 
BALB/c mice. Western Reserve (WR without liie IHD-J mutatioii) W, the IHD-J mutant of 
WR (A34R/K151D mutation) virus or PBS was injected into liie subcutanieovis JC tumors, onoe 
they teachfid injectable sizM Ojaseline fejmor sizes 40-100 (jI). Virus doses were lO" particles 
par day, suspended in 40 (il PBS, on days 1, 3 and 5 (n= 8 mice per treatmeait group). A PBS 
control was injected in a similar reginien. A single needle puncture was made in Qxe center of 
' Hw ttimor and four needle tracts wesre made out into each tumor quadrant Approximately one- 
ftjtath of the solution was injected iiito each tract as Ihenwdte was being withal Controls 
received identical treatiueul with PBS. Bidimensional tomor measurements were performed 
bivreeMy and fte tumor vohime estimated by the following formula: 
aeilstii)Cwidtii)(width)(3.14/6). 

■ The IHD-J-treated group demoiKfrated significant antitumoral effects (tumor growtii 
delay and tumor shrinkage) and increased tinie-to-tumor-prog:ession requiring sactifioe (i.e. 
survival) cotnfiared to PBS-treated or Western Reserve-treated groups. Based on Kaplan-Meier 
S;urvival analysis, the time-to-tinnor-progression requiring sacrifice (siirvival) of flio IHD-J groi^» 
was significantly superior to bolii PBS (p-value <0,05) and WR (jp-value <0.05) based on the log 
rank statistical test (used to compai-e survival curves). The median survival time was 2 weeka for 
the two control groups versus 4.5 wedfcs for IHD-J. None of the mice in any treatment group 
demonstrated any sigoificant gross toxicity and no treatment-related animal deaths occurred. 
The n-ID-J mutation led to a significant improvement ia antitimioral efScacy (coinpared to the 
WR. vims without the IHD-J nmtation) without increased toxicity. Tumors will be grown 
subcutaneously and treatment will be initiated when they reach 2-6mai in diameter. 

EXAMPLES; 

Deletion of Interferon^ Bindiiig Gene, and Increased Selectivity for lEN-Resistant Cancer 
CeUs Versus Normal Cells 

Studies were carried out to assess whethei- poxviruses with deletions in interfea-on(]FN)- 
binding genes had greater tumor-selectivity, and reduced replication in noiinal cells, compared to 
a wildtype control poxvirus. WR (Western Reserve) and a WR mutant with a deletion in the 
BI8R gene (BlSR) were conipaied for replication in the pnsence or absence of IFN-alpjha 
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(1.000 UniteM applied 5 hours after mfcction in vito) (FIG. 10). Cells tested were tiie nomial 
human branchial epithelial calls (HHRE, Ckmetics Coip., USA), C33A human cervical 
caiciaoma cells (ATCC) and HCT116 htanan colon cardncraaa cells {ATCQ. M a pilot study, 
iheae cdfe were imtidly pretreated with lEN (5,000 UnitsAnI) for 24 hours prior to infeotion with 
■Jhess viruses to detetraine their sensitivity to interferon effects on viral rciplicatioiL As expected, 
both viruses were equally sensitive to suppressicHa by interieroQ pre-treatment The IsPHBE and 
HCT116 cells wete demonstiHted io be IFN-seositive since viral replicatlaa was sigtuficaniiy 
reduced in the pjwemce of IFN pretreatment; C33A cells were iPN-iesistant since IFN- 
pretreatment had no significant intpact on vital replication. 

Cancer cells were grown in DMEM with 1 0% FCS; normal cells were grown in DMEM 
with serum supplementation as described in the supplier's instructions. Cells were infected at a 
multiplicity-ofvinfection (moi) of 10 particles per cell when cells reached approximately 70% 
conftuency. Five hours after infection, IFN was either added to the medium at a concmtratimi of 
1,000 Units/ml (IFNH- cells) or not (IFN- cells). Cells and lysate were harve^ 48 hours after 
infection and standard W isolation and vims titrations (plaque-forming uirit determination) were 
performed (titration on BS-C-1 cells as described by Tscharke et al., 2002, incorporated herein 
by reference). As sOiown in FIG. 10, W with a mutation m BlSRhave signiBcartiy mhibited 
replication in the presence of IFN in the two IFN-senaitive cell tj-pes, includmg NHBE (p<0.01, 
student's t~test versus in the absence of IFN). In contrast, this mutant vhus is not inhibited m the 
lEN-resistant C33A carcinoma cells. As expected, the wildtype WB. was not affected by IFN 
treatment due to the presence of the functional BlSR gene product CP=0.8). Similar results were 
obtained with other IFN-resistant carcinoma cell lines. Therefore, deletion of the IFN-binding 
gene B18R resulted in an increased ther^eutic index and normal cell protection oomparai to the 
wildtype virus. 

IFN-binding mutants in B8R aad BlSR also demonstraled antitumoral efficacy m a 
murine tumor xenograft model. The relative safety enhancement resulting £:om BlSR and/or 
BSR deletion will be underestimated in mice since murine versions of the target IFN molecules 
are bound with significantly reduced affinity (Syoions et a!,. 2002). Additional studies may be 
.performed using intradeimal injection shidies performed in rabbits or non-human primates using 
the methods described in Symons, et al and results may be obtained that are similar to tlie results 
reported therein for rabbits (BSR mutant W demonstrated mcreased inflammatory cell 
recruitment and as a jesult accelerated clearance of the virus fiom the skin lesions compared with 
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■wildtype ocmtrol). Ihwefbira, bolh antitumosal efficacy and acceleiated viral dcaiaace fiom 
nonnal cells las been deinomtrated m vitro sad may be demonstrated m vivo (Simons & al). 



EXAMPLE 6: 

ftroplietic Eaiwnple To Show Effect of Loss of nVF-Modiilattag Rmction 
Matched viruses -wilh and witiiDut ddelion/inactivatioii of one or mcare cytokine- or 
caiBinio]£ia&-iiifaibitory genes (e.g., wild-iype WR vaccmia and a mutant with a ddetiou in B29S/ 
vCKBP) will be used to infect muiine tomois (e.g. CMr-93, CMI-64 or JC) in 
inmnmocoinpetemt (C57B/6 or BAIS/c) mice. This comparison will only be valid if the viral 
gene product is able to inhibit the murine cytofcines/chemokines to a degree similar to fiiat for liie 
huinm version. Viral replication (plaque-fonning imits over time), CC cbemokine levels (e.g„ 
imimohistochemical staining or ELISA assay), cytoMne levels (e.g., imunoliistochemical (JHC) 
staining or ELISA assay) and inflammatory cell infiltration (H and E or IHC staining) will be 
evaluated in tumor tissues and normal tisBues following intravenous and/or intratumoi'al 
administration (viral particles fomi 10^ to 10^°, administered for 1 to 6 doses). In addition, the- 
antitumoral efficacy (Kaplan-Meier tumor regression/survival curves) and toxicity (weight loss; 
hematology; and serum chemistry test) of both viruses will be evaluated. The result would be 
that the mutant virus(es) would demonstrate I) enhanced efficacy and htflammatioii induction 
within tumors (e.g., increased immune effector cell recruitraenl; 2) similar or reduced replication 
and toxicity in normal tissues (e.g. liver, splecOj lung and/ or brain); 3) and enhanced or 
maintained induction of tumor-specific cell-mediated immunity. Finally, antitumoral efficacy in 
combination with chemotherapy and/or radiotherapy is expected to be greater with the mutant 
vinis(es) than with the wild-type virus, Toxicity studies may also be conducted in rabbits or 
non-human prima-tes to fiiiiher characterize a vims of &e present invention (TscJiarlte et al, 
2002, incoiporated herein by reference). 

EXAMPLE 7: 

Prophetic Examnlft T o Show Effect of Loss of Interferon-Modnlatiiig Function 

Matched viruses with and without deletion/inactivation of one or more interfearon-binding 
polypeptides (ag. , wilcl-type WR vaccinia and a mutant with a deletion in B 1 8R) will be used to 
infi5Ct tumors in immunocompetent animals whose target TFi>f molecules are efEHciently bound 
by the vaccinia vims gene product, as discussed in the previous examples. Of note, since murine 
itrteifeTon is relatively reisistant to W polypeptide(s) compared with human interferon, results in 
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Koice are expected to be mnoh less significant flian they will be in humans. Viial replicatian. and 
spread in. tumor tissues and noamal tissues will evaluated follawiag intxaveiiDus and/or 
intratumoral administratioa, as described above. In additicdi, the antitumoral efficacy and 
toodcdty of both viruses will be evsbated, as described above. The expected result would be that 
the mutant viras(es) would demonstrate reduced repHcatioii and toxicity in runsnal fesues (e.g., 
liver, spleen, lung and/ or brain) but that replication wd induction would sdll occur in 

tumors. The wildtype vaccinia (e.g., WR) will demonstrate a smaller diO^ieititial of replication/ 
necrosis induction b^een normal and tumor tissues. In addition, the tumors treated with the 
mutant virus(es) wiU Imve reduced vascularity (e.g., by H and E staining, MC for CD31 on 
equivalent vascular markers) compared to saline-treated controls and wild-type virus-treated 
control tumors. Finally, imnKme-mediated antrtomoral efficacy and eifu^cy in combination 
with chemotherapy and/or radiation is expected to be greater with the mutant virus(es) than with 
the wild-type virus. Toxicity studies may also be canducled in rabbits or non-human primates to 
further characterize a vims of the pressit invention (Tscharfce a al, 2002, incoaipotated ha?ein 
by reference). 

EXAMPLE 8: 

Prophetic Example To Show EjEfiect of Xoss pf Serine Protease Inliibitor JFanction 

Match^ai viruees with and wi&out deletion/inactivation of anti-apoptoais genes could be 
iised to infect tutnorB in immunocompetent mice, as described above. Viruses include but are not 
limited to vaccinia viruses with or without expression of B13R (SPI-2). Vkal replication and 
spread in tumor tissues and normal tissues would be evaluated following intravenous 
adminishratioQ, as described above. In addition, the antitranoral efficacy and toxicity of mutant 
viruses would be evaluated following intratumoral and/or intravenous administration, as 
described above. The expected result would be that the mutant viruses would demonstrate 
reduced replication and toxicity in normal tissues, and/or would be cleared faster from normal 
tissues, compared to tumor tissues. The wild-type virus would show a smaller differential (if 
any) between replication and toxicity in nonual tissues compaied to that in tumor tissues. The 
antitumoral efficacy of the mutant viras{es), foUowing intratumoral, intraperitoneal, intravenous 
or other routes of administration, is expected to be equivalent or superior to efficacy with flie 
wild-type virus. Combination chemotherapy studies would use the same model system. Mice 
would receive vehicle (placebo), chemotherapy alone, virus alone (wild-type or mutant) or virus 
plus chemotherapy. The efScacy with the mutant vims plus chemodiei^y is expected to be 

-90- 



wo 2004/014314 



PCT/DS2003/02S141 



saperior to cin^othor^y alone and to wild-type vin^ plxis c^emotiiier^y. Simile foldings ate 
expected in, combmation with ladioiher^y. 

EXAMPLE 9: 

Prophetic Examlft Jl^ Effect of Loss of Complement Control Fnnctioa 

Matched viruses with and wiihaut deletian/inactivation of VCP genes could be used to 
infect tumois in immunoconiijetait mice, as d«sciibcd above. Viral replication and spread in 
tumor tissues and nonnal tissues would be evaluated feUowing intravenoas or otixo: routes of 
administration, as descdbed above. In addition, the antitumoial efficacy and toxicity of mutant 
.virnses would be evaluated, as described above, following inteatamoral and/or intravenous 
admimstrafion. The expected result would be that the mutant viruses would demonstrate reduced 
replication and toxicity in normal tissues, and/or would be cleared maze efSciendy jEbom normal 
tissues, con^ared to tomor tissues. The wild-type virus would show a smaller differential (if 
any) between replication and toixicity in nonnal tissue compared to that in tumor tissues. The 
antitumoral efEcacy of the mutant vinisfes), following intratumoraL, intraperitoneal, intravenous 
or other routes of administration, would be equivalent or supeiicr to efficacy with tiie wild-type 
vims. Combination fher^y studies would use the same model systtan. For esiample, mice 
would receive vehicle (placebo), chemotherapy alone, virus alone (wild-type or mutant) or virus 
plus chemotherapy. The efficacy with the mutant virus plus chemotherapy is expected to be 
superior to chemotherapy alone and to wild-type vims plus chemotherapy. Similar results will 
be demonstrated with tumor-targeting monoclonal antibodies in combination with these viruses. 



All of the compositions and methods disclosed and claimed herein can be made and 
executed without undue experimentation in light of the present disclosure. While the 
compositions and methods of this invention have been described in terms of preferred 
embodiments, it wiU be apparent to those of skill in the art that variations may be applied to the 
compositions and/or methods and in the steps or in the sequence of steps of the method described 
herein without departing firom the concept, spirit and scope of the invention. More specifically, 
it will be appEirent thai certain agents that are hoOa chemically and physiologically related may be 
substituted for the agents described herein while the same or similar results would be achieved. 

-91- 



wo 2004/014314 PCT;I]S2003«)2S141 
All such similar substituteB and modificatioiis apparait to those skilled in the art are deemed to 
be within the spirit, scope and concept of flie invention as defined by the a^eadsA daims. 
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1. An attenuated vaccinia vims comprising a mutaUou in a Stst gens oiooding an 
inteajferott-modiilatoig polypeptide tibat results in the vims laclmig at least a first ftmctional 
Jnf£a:^it-moduIating polypeptide, wlieredn Ihe i]3rt:einfeFC»i-rDDdxtlatiug polypeptide directly binds 
. interfaon. 

2. Xhie attenuated vaccinia vims of claim 1, wherein the interfeion-niodulating polypeptide 

binds IFN-Gt or IFN-^, 

3 . The attenuated vaccinia virus of claim 2, wherein the iateEferon-binding polypeptide is 
B18R. 

4. The attenuated vaccinia virus of claim 1, wherein the interferom-modulating polypeptide 
binds IFNy. 

5. The attenuated vaccinia vims of claim. 4, wherein the interferon-binding polypeptide is 
BSR. 

6. The attenuated vaccinia virus of claim 1 , jRirther comprising a second mutation in at least 
(Hie of the following: 

a) a second gene encoding an interferoti-modulating polypeptide ttiat results in the 
virus lacking at least a second functional interferon-modulating polypeptide; 

b) a gene encodiitg a complemeait conti'ol polypeptide, wherein the mutation results 
in the virus lacking at least one fiinctional complement control polypeptide; 

c) a geaie encoding a TNF-modulaling polyp^tidB, wherein fee mutation results in 
the vims lacking at least one fimctional IMF-modulating polypeptide; 

d) a geaie encoding a serine protease inhibitor, wherein the mutation results in the 
vims lacking at least one functional serine protege inhibitor; 

e) a gene encoding an IL-1 p modulator polypeptide, whraieici the mutation results in 
the virus lacking at least one fimctional IL-ip modulator polypeptide; 
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f) a gene encoding a fuQctiQndA41L,B7R, NIL or vCKBPchfiO^ 
polypeptide or CUR EGF-lifce polypeptide; wherein the rautatioji reailts in the 
virus lacking at least one function of A41L, B7R, N1L» vCKEP, or CI IR; or 

g) a gem encoding a polypoptidft, wherein ibe mutation, resnlts in an increase iu 
infectioas KEV foim of vaccinia vims. 

7. The attemiafed vaoodnia viius of claim 1, wherein the virus is flie Copenhagen or Western 
'&)ssescv6 straia comprising the mutation in the first gene ^coding an intead^onrmodulating 

polypeptide, 

8. The attenuated vaccinia vinis of claim 1 , wher eia the interferoii-binding polypeptide is 
B8RotB18R. 

9. The attraiuated vaccinia, virus of claim 6, comprising the mutation in a gene encoding a 
second interferon-modiaating polypqptide lhat results in the vims laddng at least a second 
fiinctional second interferon-modulating polypeptide. 

1 0. The attenuated vaccinia vims of claim 9, wherein the fimctional second interferon-; 
modulating polypeptide is B8R, BlSR, B13R, E3L, or vC12L. 

1 1 . The attenuated vaccinia virus of claim 10, wherein the virus lacks functional BSR. 

12. The attenuated vacciuia virns of claim 1 0, wherein the virus lacks iimctional B 1 3R. 

13. The attenuated vaccinia vims of claim 10, wherein the vims ladis fimctional B8R and 
B13R. 

14. The attenuated vacoinia virus of claim 13, wherein, the vLras lacks fimctional BSR, B13R, 
andvCiaL, 



15. The attenuated vaccinia vkus of claim 14, wherein the virus fiirthjea: lacks fiinctional 
B28RorA53R. . 
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16. Th& attenuated vaccinia viros of claiin 1 5, wherdn Has virus lacks fimctional B28R and 
AS3R. 

17. The attenuated vaccfjoia vims of claim 14, wherein tine vims furfher lacks functional 
B18R. 

18. The attenuated vaccinia virus of claim 17, wherein the virus fiuihcr ladss fimclioiial 
B2SRor A53R. 

19. The attenuated vaccinia vims of claim 1 8,^ wherein the virus lacks functiooal B28R and 
A53R. 

20. The attenuated vaccinia vims of claim 1, comprising the mutation in a gene encoding a 
complement control polypeptide that results in the vims lacking at least one funcdosnal 

complement control pol3fpeptide. 

21. The attenuated vaccfaiia vims of claim 20, wheiein the fimctional complement mntrol 
polypeptide is VCi». 

22. The attenuated vaccinia vims of claim 6, comprising the mutation in a gene encoding a 
TMF-modulating polypeptide that results in the virus lacMng at least one functional TNF- 
modulating polypeptide. 

23 . The attenuated vaccinia virus of clahn 22, wherein the functional TNF-modulating 
polypeptide is A53R, B2SR, or vCKBJ». 

24. The attenuated vaccinia virus of claim 6, comprising the mutation in a gene encoding a 
serine protease inhibitor that resuHs in the vims lacking at least one fimcdonal serine protease 
inhibdtoi:. 

25. The attenuated vaccinia vims of claim 24. wherein the serine protease inhibitor is B13IL 
B22Il,orK2L. 
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26. The attoiuated vac(^a vinis of claim 6, comprisiiig the nmtafioii in a gene encoding an 
Dj-lp moduiator that results in the virus lacfctng at least one fimctictDal IL-ip nnxfcilator. 



27. The attenuated vaccinia ■vims of claim 26, wherein the ftmotionallL-lp modulating 
polypeptide is B13R orBlSR. 

2&. The attenimted vacdnia vims of claim 6 comprising a mutation in a gme encoding a 
lUnctiotial A41L, B7E, NIL or vCKBP chemokihe bdndiiig polyp^tide or CI IR EGF-Hke 
polypeptide. 

29. The attenuated vaccinia -virus of claim 28, wherein the polypeptide is B7R, vCOKBP, or 
NIX- 

30. The attenuated vaccinia virus of daim 28, wherein the polypeptide is A41L, vCKBP, or 
ClIR. 

31. The attenuated vficcinia virus of claim 6, comprising the nmtationthat rcisults in an 
increase in paroduction of infeclioiis EEV form of vaccinia vima. 

32. The attenuated vaccinia virus of claim 3 1, wherein the mutatjon causing an increase in 
infectious EEV form is in the gene encoding A34R or B5R. 

33. The attenuated vacdnia vims of claim. 32, wherein the mutation causing an increase in 
infectious EEV form is in the gene encoding A34R. 

3 4. The attenuated vaccinia virus of claim 33, wherein the imiCation in A34R is a Kl 5 1 D 
mutation, 

35, The attenuated vaccinia virus of claim 6, wherein the virus comprise more at least two 
difierent mutations in a), b), c), d), e), f) or g). 

3 6. The attenuated vaccinia, virus of claim 35, wherein the virus conijptises a mutation in g) 
and at least a mutation in a), b), c), dT), e) or f). 
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37. The attenuated vaccinia virus of cMm I , wherein ttie vwjs is camprised in a 
phamkaceutical composition. 

38. The attenuated vaccinia virus of daim 37, wheran the corapoaition fiirftxer comprises 
indteiieFon. 

39. The attenuated vaccinia virus claim of claim. 37, wherdb the composition fUiilier 
coHipriscs an anti-cancar agent. 

40. The attenuated vaccinia virus of claim 39, wherein the anti-cancer agent is an antibody, a 
chemotherapeutic, or anucleiG acid eiscoding a tumor suppressor. 

41. An attenuated vaccinia vinis coanpdsing a first imitation that results in title virus lacking a 
luncticnaL vC12L polypeptide. 

42. TJie attenuated vaccinia virus of claim 41, further comprising a second mutation in at 
least one of the following: 

..a) a gene encoding an interferoD'-moduladng polypeptide that results in the virus 
lacking at least a second fitnctiond interferon-modulating polypeptide; 

b) a gene encoding a complement control polypeptide, wherein the mutation resuhs 
in the virus lacking at least one functional complement control polypeptide; 

c) a gene encoding a TNF-modulating polypeptide, wherein the mutation results in 
the virus lacking at least one functionai TNF-modulating polypeptide; 

d) a gene encoding a serine protease inhibitor, wherein the mutation results in the 
virus lacking at lemt one functional serine protease inhibitor, 

e) a gene encoding an IL-lp modulator polypeptide, wherein the mutation resulls in 
the virus lacking at least one functional IL-ip modulator polypeptide; 

f) a gene encoding a functional A4 1 L, B7R, NIL or vCKBP chemoMne binding 
polypeptide or C HE. EGP-Ufce polypeptide, wherein the mutation results in the 
virus lacking at least one function of A41L, B7R, NIL, vCKBP, or CllR; or 

g) a gene encoding a polypeptide, wherein the mutation results in m. increase in 
infectious EEV form of vaccania virus. 
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43. The attenuated vaocinia vims of claim 41, whecein fhe vims is the Copeohageai or 
Western Reserve strain ccmpiising the mutation in the first gene eroding an interfecm- 
modulatbg polyp^de. 

44. The atteauatod vaccinia virus of claim 41> compriBuig a seccoid mutation in gene 
eaacoding an inteafaion-modulatiag polypeptide that results in the viras lackuig at least a second 
functional tDterferoa-modnlating polypeptide. 

45. The attenuated vacoiHia virus of claim 44, wherein the second fimcticiBal intcaferon- 
modulating polypeptide is B8E, Bl 3R, or Bl 8R. 

46. An attenuated vaccinia virus cxMnprising a JBist mutation that reffuifs in the virus lacking a 
functional Bl 5R. polypeptide. 

47. The attenuated vaccinia virus of claim 46, furflica: camprising a second mutation in at 
least one of the following; 

a) a gene encoding an interferon-raodulating polypeptide that results in the virus 
lacking at least a functional interferon-modulating polypeptide; 

b) a gene encoding a complement control polypeptide, wherein fee mutation results 
in the virus lacking at least one fijnctional complement control polypqrtide; 

c) a gene encoding a TNF-modulatuig polypeptide, wherein the mutation resulte in 
the virus lacking at least one functional TNF-modulating polypeptide; 

d) a gene encoding a serine protease inhibitor, wherein the nmjtatioin results 
virus lacking at least one flmctional serine protease inhibitor; 

e) a gene encoding an. IL-1 p modulator polypeptide, wherein the mutation results in 
the virus lacldng at least one functional IL-lp modulator polypeptide; 

f) a gene encodiug a .ftioctional A41L, B7R, NIL or vCKBP ohemokine binding 
polypeptide or CI IR EGF-like polypeptide, wherein the mutation resulte in the 
viras lacking at least one function of A4 1 L, B7R, NIL, vCKBP, or C 1 IS; or 

g) a gene encoding a polypeptide, wherein the mutation results in an increase in 
infectious EBV form of vatjcinia virus. 
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48. The sttsmsbBi vaccima virns of claim 47, wlierem. Ihe viras comprises a mufation in a 
gsie encodiiig an inlarfeon-modulatiiig polypeptidB or encoding a TNF-modulaioi. 



49. The attenuated vaccima virus of claim 48, wherein the interfeaxm modulating polypeptide 
is B13R aad the TKF-modutator is B29R. 

50. A meliiod for treating a cancer cell comprising admimstering to the cancer cell an 
affective amount of a vaccinia viras unable to express at least one of the following: 

a) a functional first intESTferon-modulatiiig polypeptide; 

b) a functional complement control polypeptide; 

c) a fmiicfionalTNF-modulating polypeptide 

d) a fianctional serine protease inhibitor; 

e) a functional IL-lp modulating polypeptide; 

f) a functional non-infectioiisEBV form polypeptide; 

g) a ftinctional A41L, B7R, NIL, vCKBP, or C IIR polypeptide. 

5 1 . The method of claim 50, -wlief ein the attenuated vaccinia virus lacks nK>ic than one of (he 
foUowing: 

a) a fiinctional first interferon-modulating polypeptide; 

b) a fimctional complement control polypeptide; 

c) afunctional TNF-mod-ulatitig polypeptide; 

d) a fimctional serine protease inhibitor, 

e) a fimctional IL- 1 p modulating polypeptide; 

f) a functional anti-infectious EEV fonn polypeptide; 

g) a fimctional A4XL, B7R, NIL, vCKKP, or CllR polypeptide^, or 

h) a fimctional second interJferon-modulating polypqitide. 

52. The method of claim 50, wherein the vaccinia virite lacks a functional first interferon- 
modulating polypeptide, 

53. The method of claim 52, wherein the vaccima virus is Copenhagen or Western Reserve 
strain. 
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54. The method of claim 51, whojem tie firactional first or second ffiterfraon-inadulating 
polypeptide lackmg in the vims is Bl SR. or B8R. 

55 . The method of claim 50, wherein flie virus lacks at least one fimotional con^lement 
contra] polypqjtide. 

56. The method of claiia 55, whereia the fiinctioiial ooinplement control polypeptide laddng 
intheviniskVCP. 

57. The method of claim 50, whacein the vims lacks at least one functional TNF-modiila ting 
polypeptide, 

58. The method of daim 57, wherein the fiinctional TNF-modnlating polypeptide laddng in 
the vims is A53EI, B28R, or vCKKp. 

59. The method of claim 50, wherein the virus lacks at least one fbnctional serine protease 
inhibitor. 

60. The method of claim 59, wherein the serine protease inhibitor is B13R, B22R, or K2L, 

61 . The method of claim 50, wherein the virus lacks at least one fiinctioaal IL- 1 p modulator. 

62. The method of claim 61, wherehi tfie IL-I|} modulator is B13R orBlSR. 

63. The method of claim 50, wha-ein flie virus lacks at least one jfimctionfll anti-infections 
EEV fbnn polypeptide. 

64. The method of claim 63, wherein the attenuated vaccinia virus comprises a KiSlD 
mutation in the anti-infectious EEV form polypeptide A34Ii. or mutation in Ihe gejie encoding 
B5R. 

65. Themethod ofclMm 50, further c^nipridng administering interferon to t^^ 
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66. The metiiad of claim 65, whsem fee interferon is IFNa, IFNP, or IFr«fy- 



67. The method of claim 50, wherein the atteamated vaccinia viras is conqirotBised in a 
phannaceutically acceptable oomposifion. 

68. Ths mettiod of claim 50, wheroin the cancer cell is a tumor cell 

69. The meliiod of claim. 50, wherein the caocor cell is in a patieajl. 

70. ■ The meliod of claim 69, wherein the attenuated vaocimaviraa is administered to the 
patient directly, eadoscopically, intratiacheally, intratumorally, intravenoijsly, inliaiesionally, 
jntramusculariy, iate^eritomfially, regionally, petcutaneously, or subcutaneoi^ly. 

71. The method of claim 69, vrfierdn the patient has a solid tumor. 

72. The method of daim 71, fbrther comprising ressecting all or part of the solid mmor, 

73. The method of claim 72, wherein the attenuated vaccinia vim is administcwsd to the 
patient prior to tumor resection. 

74. The method of claim 73, wherein the attenuated vaccinia virus is admini&tcxBd to the 
patieait after trnnor resection. ^ 

75. The method of claim 69, fiJither comprising adraMoistering to the patient chemotherapy or 
radiotherapy, 

76. The method of claim 75, wherein chemother^y is administered to the patient at least 
once. 

77. The method of claim 76, wherein the chemotherapy is cispktfn (CDDP), caiboplatin, 
procarbazine, mechlorethamine, cyclophosphamide, camptothecia, ifogfamide, melphalan, 
cWoiambucil, bisulfan, nitrosurea, dactinomydn, daunorubioin, doxorubicm, bleomycin, 
pKcomycin, mitomycin, etoposide {VPI6), tamoxifen, taxotere, taxoi, tramsiplatinum, 5- 
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fiuoiouiacil, vincristin, vinblastm, metfaotatescate, gemcitabmB, oxf%latin, iiinotecan, tqpotecan, 
or aay analog or derivative variant fhereof. 

78. The method of daim 75, wheidn radiofhesrapy is adniimstered at least once to the patieait 

79. The method of claim 78, wherein X-ray irradiatioQ, UV-irradiadon, y-hradiation, 
electron-beam radiation, or microwaves are adtnimistered at least once to the patieaut. 

SO.. The metiiod of claim 50, wherein the cancer cell is a bladder, blood, bone, bone mm-ow, 
brain, breast, colorectal, eso^iagus, gastrointostine, head, kidney, liver, lung, nasopharynx, neck, 
ovary, pancreas, prosrtate, skin, stomach, testicular, tongue, or uterus cell. 

81 . The method of claiiii 50, wherein the attenuated vaccinia raus is adnriiusteffed more than 
onetime. 

82. The method of claim SO, wherein the attenuated vacchiia vims further comprises a 
nucleit; acid sequeace encoding aheteralogous therapeutic polypeptide. 

83. The method of claun 82, wherein the heterologous therapeutic polypeptide is a tumor 
suppressor, immunomodulator, angiogenesis inhibitor, and-vaaoular polypeptide, cytotoxic 
polypepitde, apoptosis inducer, pro-drug activating enzyme, or cytostatic polypeptide. 

84. The method of claun 50, further comprising adinimsteting to the cell a protease or 
peptidase. 

85. The method of cbim 50, wherein the attenuated vaccima vims is IHD-J strain or 
comprises a Kl 5 1 D mutation in A34R or comprises a mutation in the gene encoding B5K. 

86. The method of claim 50, wherein the attenuated vaccinia virus is prodiiced from a cell 
line that overexpresses at least oaae horaan complement inhibitory protein. 



87. The method of claim 86, wherein the complement inhibitory protein is CD55, CD46, or 
CD59, 



wo 2004/014314 



PCT/DS2003A)25141 



88. Thp method of claim 50, furftter comiirising admorisfering to the cell a micxotobule 
stabilizing agent. 

89. The mefliod of dann 88, wherein liie micrDtubule stabilizing agent is taxane. 

90. . A method for treathjgcaflcer ma patient comprising adijoto 

effective amount of a phaanaceutically acceptable composition comprising an attenuated 
vaccinia virus compriaing a mutalion in the gene eacoding B8R, Bl 8R, or vC12L. 

91. The method of claiiii 90, vAerein the phannaceutlcally acceptable composLdon fhithsr 
cooqjds&s interferon or a nucleic acid encoding interferon. 

92. The method of olaioi 90, wherein the attenuated vaceima virus kck3 a functional BSR, 
Bl 8R, oor vC12L polyp^tide. 

93. The method of claim 92, wheasin the attenuated vaccinia vims lades a jftmctional BSR or 
vC12L polypeptide and further comprises a mutation in a gene aicoding B13R, -wberein the 
virus lacks a functional B13E. polyp^tide. 

94. The method of claim 93, whasia the attenuated vaccink vuus lacks functional BSR, 
VC12L, and B13R polypeptides. 

95 . The method of claim 92, wherem the attenuated vaoania vims lacks at least two 
jfimctional BSR. B18R. or vC12L polypeptides. 

96. The method of claim 95, -wherein the attenuated vaccinia virus lacks a fiinchonftl BSR, 
B18R, and vClZL polypeptide. 

97. The method of claim 92, wherein the attenuated vaocme vims is fiirttier unable to ejcprras 
at least one of the following: 

a) a functional oomplement control polypeptide; 

b) a fhncstional TNF-^nodulating polypeptide 
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c) a flmctioEial sedne jwoteas^ 

d) a functtonal IL-ip modiilatai; 

e) a functiaBal MIL, B7R, N1L> vCKBP, or CllR polypeptide; or 
^ f) afimctionalaiiti'infcctiaiMEEVfGampolypepfli 

98. The method of claim 94, whereia the attenuaied vacome virus is further unable to express 
at least one of tile following: 

a) a fimctioinal oonipleaaient control polypeptide; 

b) aftijncSicaialTNF-iiiodulatmgpolj^peptide 

c) a ftuictionai serine protease; 

d) a functional Ei-lp modulator; 

e) a fuECtional A41L, B7R, N1L> vCKBP, or CIlR polypeptide; or 

f) a fimotional anti-infectious EEV form polypeptide. 

99. A mefeod for kiUing a cancer cell comprising contacting the cancer cell Twith an 
attenuated vaccinia virus having a reduced ability to inhibit an a jittvical response mediated by an 
interferon, a chetnokine, a cytokine, complement, or neutralizing antibody. 

1 00. The method of claim 99, wherein the attenuated vaccima viras has a mutation in a nucleic 
acid sequence encoding B8R, B13R,B18R, orvC12L. 

101. The method of claim 99, wherein tlie attenuated vaccinia vims is unable to expsress at 
least one of the foUowitig: 

a) a fimctioaal interferon-modulating polypeptide 
h) a functional complement control polj'peptide; 

c) a functional TNF-modulating polypeptide 

d) a fimctionai serine protease; 

e) a functional IL-lp modulator; 

f) a fimctionai A41L^ B7R, NIL, vCKEP, or CI IR polypBptLde;OT 

g) a fimctionai aati-infectiaus EEV fomot polypeptide. 

1 02. A method of treating cancer in a cancer patient, comprising contacting a tumor site with a 
therapeutically effective amount of an attenuated vaccinia vims and an agent that increases 
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aiilitniii0tal effLcacy of the attefmsted -vaccima virus, 'vtiiereiti exporession of Hie vaccinia vims 
and ag^ that increases aHtitnmaral eMcacy results ia tiBatment of the cancea:. 

103. The method of claim 102, wheasia the agent that incseases the anfitumoral efificacy of title 
attenuated vaccinia viius is aa interferon, proteinase, peptidase, mtctotubule stabilizing ag^at, 
ciheinothea:^y, radiofherapy, geaie therapy, in]niunother£?>y, andinmimiDinodijlatoiyfhfitapy. 

104. A metixod for produdng a fhfftified EEV fortn of vacdnia vims comprisang: 
a) infecting a ImmanceUlme that overexpresses a complement iiihibi 

with ft vacwinia virus; 
, . b) isolating the EBVfcnn of the vaccinia vinisJ&om the infected cell. 

1 05. The method of claim 104, wherem the vaccinia virus comprises a mutation in the gme 
encoding A34R, prQtein» Tvhersdn the mutation results in a K15 ID mutation. 

106. The method of claim 104, wherdn the complement ihhibit(>ry protein is CD55, CD46,or 

CD59, 

107. The method of claira 104, wherein tie hmnan cell line overexpresses more tiian one 
camplement inhibitory protein. 

108. Ame&od for treating nriCTOscopic residual cancer comprisdng: 
(i) identifying a patient having a resectable tumo]! 

(n) resecting the tiimor, and 

(iii t contacting the tumor bed with a vacdnia virus having at least one mutation in a gene 
encoding A34R, A41L, A53R, B5R, B7R, B8R, B13R, B15R, B18R. B22R, 
B28B, B29R, CUR, E3L, K2L, NIL, vC12L, or vCKBP. 

109. A method for treating a subject having a tiunor comprising: 

(i) surgicEillyrevealinglhe tumor; and 

(ii) contacting said tumor with an attenuated vaccinia virus lacking A34R, A41L, 
A53R, B5R, B7R, B8R, B13R, B15R, B18R, B22R, B28R, B29R, CUR, ESI^ 
SIL, NIL, vCi2L, or vCKBP fimctioQ. 
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110. A melJiod for treating a subject having a tumor coanjprising perfiising the tumor, over an 
eKtendfid period of tunej, wifh an attetiuated vaccinia -virus, 

111. A method of iolubitmg metastatic disease in a. subject having cancef compri^g 
atoriaistering to the subject an attematcd vacdnia. ■vims, 1iierd)y cQnfenring a IheE^eutic benefit 
on fhs subject. 

1 12. A method of treating a midtidrug-resistant tiimor in a patient comprising i) administering 
to the patient an atteoaated vaccinia virus and ii) administering chemotherapy oriadiotharapy to. 
&e pat jeutj thereby conferring a thei^eutic benefit on the subject. 

113. A method of remdering an unresectable tumosr in a patient reseclable comprising 
administering to the patient an effective amount of an attenuated vaooinia vims and rsseotiog all 
or part of the tumor. 

114. A method of treatmg a cancer patient whose cancer is resistant to di^otherapy or 
radiotherapy comprising adminisfering to the patient an attenuated vaccinia vims and 
administering chemotherapy or radiotherapy to the patient. 

315. A composition comprising vaccinia virus in which the composition is at least 50% 
finfafied EEV form of vaccinia virus. 

1 1 6. The composition of claim 115, wherein Ihe composition is at least 60% fortified EEV 
form of vaccinia virus. 

117. The composition of claim 1 16, wherein the composition is at least 70% fortified EEV 
form of vaccinia virus. 



118. A human cell line for the production of fortified EEV form of vaccinia virus, comprisiBg 
vaccinia vims and overexpressing at least one complemesit inhibitory polypeptide. 
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119. He human cell line of daim 118, wieaian the coiiqfkment inlubitory polypeptide is 
CII55, CD46, or CD59. 

120. The human cell line of claim 1 1 8, wheidn the vaccinia virus is unable to express at least 
one of the following; 



a) 


a functional kterferoa^odulating polypq)tide 




b) 


a functional complement control polypeptide; 




c) 


a functional TNF-modnlating polypeptide 




d) 


a jimcttonal serine protease ' 






a functional IL-ip modulatoi; 




f) 


a ftmotional anti-infections EEV form polypeptide; or 




g) 


a fqnctional A41L, B7R, NIL, or vCKBP chetnidkine.binc 


ling polypeptide or a 




CI IR BCSfF-lflcB polypeptide. 
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